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EXECUTIVE SUMMARY

Bison Engineering, Inc. (Bison) was retained by Bitter Root RC&D to perform emissions
testing for particulate matter less than 2.5 microns (PMy5), total particulate matter (TPM),
nitrogen oxides (NOx) and carbon monoxide (CO) on the Bismarck Landfill King Cole
Kewanee hot water boiler located in Bismarck, North Dakota. The following table presents
the results of the low-fire and high fire testing.

Table 1: King Cole Hot Water Boiler Stack Emissions

Bismarck Landfill, Bismarck, ND
King Cole Kewanee Hot Water Boiler
Stack Emissions
Emissions | Units Mo 12,2008 | biar 15, 2008
Concentration 0.0535 gr/dscf 0.0494 gr/dscf
PM. 5 Mass rate 0.168 Ibs/hr 0.194 Ibs/hr
Emission factor 0.168 Ibs/MMBtu | 0.133 Ibs/MMBtu
Concentration 0.064 gr/dscf 0.072 gr/dscf
TPM Mass rate 0.203 Ibs/hr 0.284 |bs/hr
Emission factor 0.203 Ibs/MMBtu | 0.195 lbs/MMBtu
Concentration 111 ppmdv 126 ppmdv
NOx Mass rate 0.29 Ibs/hr 0.42 Ibs/hr
Emission factor 0.291 Ibs/MMBtu | 0.289 Ibs/MMBtu
Concentration 215 ppmdv 138 ppmdv
CoO Mass rate 0.35 Ibs/hr 0.28 lbs/hr
Emission factor 0.35 lbs/MMBtu 0.20 Ibs/MMBtu
Heat Input 1.01 MMBtu/hr 1.44 MIMBtu/hr
Percent of 1,500,000 Btu/hr 67% 96%

Table Nomenclature

gr/dscf grains per dry standard cubic feet (@ 68°F and 1 atm.)
lbs/hr pounds per hour

lbs/MMBtu  pounds per million British thermal units

ppmdyv parts per million dry volume

MMBtu/hr  million British thermal units per hour

%

percent
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1.0 INTRODUCTION

Bison Engineering, Inc. (Bison) was retained by Bitter Root RC&D to perform air quality
emissions testing on the Bismarck Landfill King Cole Kewanee hot water boiler located in
Bismarck, North Dakota. The testing was performed according to the details listed in this
report. The low-fire and high-fire tests were performed on March 12, 2008.

This report summarizes the results from the testing project and the operating conditions of
the process during the testing. The appendices of this report contain the pretest protocol,
spreadsheets, testing field data, production data, nomenclature and formulae,
equipment/analyzer calibrations and audits, and Protocol 1 gas certifications.

1.1 Program Organization

Bison is a full service air quality consulting company that provides ambient air and
meteorological monitoring, air quality permitting, air quality modeling, regulatory
negotiations, process-to-emissions optimization and source testing services. Bison's
Process and Emission Services team is led by Calvin Loomis, P.E., Project Engineer
and Team Leader. Additional team members are Mike Chovanak, E.LT., Project
Engineer; Bill Shaw, P.E., Project Engineer; Dave Blankenship, Senior Environmental
Technician; and Jim Wollenberg, Environmental Technician.

Primary: Bitter Root RC&D
Address: 1709 N. First Street
Hamilton, Montana 59840

Contact: Tom Coston
Phone: 406/363-1444, ext. 5
Facility Info: City of Bismarck

Contact: Jeff Heintz
Director, Public Works — Services Operations

Phone: 701/355-1700

Email: jheintz@an.gov
Boiler Contact:  King Coal, Inc

Contact: Vic Carufel

Phone: 701/255-6406

Email: kingcoal@btinet.net
Consultant: Bison Engineering, Inc.

Address: 1400 11" Avenue
Helena, MT 59601
Contacts:  Jim Wollenberg, ext. 225
Mike Chovanak, ext. 276
Cal Loomis, ext. 235
Phone: (406) 442-5768 Fax: (406) 449-6653
Email: bison@bison-eng.com
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2.0 EMISSION SOURCE INFORMATION
2.1 Facility Description

The boiler is located at the City of Bismarck Landfill.

2.2 Emission Source Description
The Bismarck Landfill operates a King Coal Kewanee hot water boiler. The boiler is

specked to be a 1,000,000 But/hr but is manufactured to be a 1,500,000 MMBtu/hr boiler.
The boiler has a 35-foot double wall stack with a 12-inch inside diameter.
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3.0 TEST RESULTS SUMMARY

3.1 Summary of Emissions Determination

The following tables present the results from the March 12, 2008, emissions testing on
the King Cole Kewanee hot water boiler stack. The emission data is presented in grains
per dry standard cubic feet (gr/dscf), pounds per hour (lbs/hr), pounds per million British
thermal units (Ibs/MMBtu) and parts per million dry volume (ppmdv). Additional emissions
data and nomenclature can be found in the appendices of this report.

Table 2a: King Cole Boiler Low-Fire Test Results

Bismarck Landfill, Bismarck, ND
King Cole Kewanee Boiler
Low-Fire Emissions, March 12, 2008

Run 1 Run 2 Run 3 Avg.

Stack Flow acfm 625 634 651 772
dscfm 378 366 356 367
gr/dscf 0.0528 0.0536 0.0540 0.053
PM, 5 Ibs/hr 0.171 0.168 0.165 0.168
Ibs/MMBtu 0.190 0.150 0.165 0.168
gr/dscf 0.0638 0.0651 0.0646 0.064
TPM lbs/hr 0.207 0.204 0.197 0.203
Ibs/MMBtu 0.230 0.182 0.198 0.203

Combustion Gases
ppmdv 105.3 117.3 111.7 111.5
NOx Ibs/hr 0.285 0.307 0.284 0.292
Ibs/MMBtu 0.316 0.273 0.285 0.291
ppmdyv 282.5 159.4 204.2 215.4
coO lbs/hr 0.466 0.255 0.317 0.346
Ibs/MMBtu 0.518 0.226 0.318 0.354
Operating Conditions

Oxygen, % dry 13.2 11.0 11.9 12
Heat Input, MMBtu/hr 0.90 1.13 1.00 1.01
Percent of 1,500,000 Btu/hr 60% 75% 67% 67%

Table 2b: King Cole Kewanee Boiler Low-Fire PM Proportions

Bismarck Landfill, Bismarck, ND
King Cole Kewanee Boiler
Low-Fire PM Emissions Proportions
March 12, 2008

PM greater than 2.5 17%
Filterable PM2 5 46%
Condensable PM 36%
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Table 3a: King Cole Boiler High-Fire Test Results

Bismarck Landfill, Bismarck, ND
King Cole Kewanee Boiler
High-Fire Emissions, March 12, 2008

Run 4 Run 5 Avg.

acfm 831 830 831

Shack Fiaw dscfm 468 454 461
gr/dscf 0.0335 0.0653 0.049
PMzs Ibs/hr 0.135 0.254 0.194
Ibs/MMBtu 0.098 0.169 0.133
gr/dscf 0.0531 0.0910 0.072
TPM Ibs/hr 0.213 0.354 0.284
Ibs/MMBtu 0.154 0.236 0.195

Combustion Gases
ppmdv 119.7 133.1 126.4
NOx Ibs/hr 0.400 0.431 0.416
Ibs/MMBtu 0.290 0.287 0.289
ppmdv 175.8 100.2 138.0
coO lbs/hr 0.359 0.198 0.279
Ibs/MMBtu 0.260 0.132 0.196
Operating Conditions

Oxygen, % dry 11.4 10.2 11
Heat Input, MMBtu/hr 1.38 1.50 1.44
Percent of 1,500,000 But/hr 92% 100% 96%

Table 3b: King Cole Kewanee Boiler High-Fire PM Proportions

Bismarck Landfill, Bismarck, ND
King Cole Kewanee Boiler
High-Fire PM Emissions Proportions

March 12, 2008

PM greater than 2.5

33%

Filterable PM, 5

26%

Condensable PM

42%

3.2 Production Data

Boiler production data is presented in the test results tables.

3.3 Field Notes

Testing proceeded without interruption. There were no deviations from the methods listed

in this report.
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4.0 TESTING PROCEDURES

4.1 Sampling Site Locations

Sample site locations were determined by Method 1.

4.2 Test Methods and Procedures

Bison testing personnel performed the following EPA methods as described in Title 40,
Code of Federal Regulations (CFR), Part 60, Appendix A:

EPA Reference Method 1, "Sample and Velocity Traverses for Stationary Sources.”
The objective of Method 1 is to determine a suitable location for testing and to determine
the velocity measurement points for the source. The distance upstream to atmosphere
from the sampling ports (Distance A) is measured and the distance downstream to the
nearest disturbance from the sample points (Distance B) is measured. Distances A and B
are applied to Method 1, Figure 1-2 for velocity measurement points. These figures give
the minimum number of measurement points according to the dimensions of the source.
The number of points and the stack diameter are then applied to Method 1, Table 1-2 to
determine equal area measurement points within the source. The results of Method 1
location and velocity point measurement locations are included in the report appendices.

EPA Reference Method 2, "Determination of Stack Gas Velocity and Volumetric
Flow Rate (Type-S Pitot Tube)." The objective of Method 2 is to measure stack gas
velocity, collect temperature data, and calculate a volumetric flow. Method 2 velocity
measurements are performed using a Type S pitot tube. Differential pressures are
measured using an inclined manometer, and temperatures are measured using a k-type
thermal indicator. Bison has incorporated 0.84 as the Type S pitot tube coefficient (Cp).
The average velocity, temperature, static pressure, and source area are used to calculate
volumetric flow within the source. This field data is recorded on field data sheets. Copies
of the field data, resulis from the flow calculations, and calibration data can be found in
the appendices to this report.

Method 3A, "Determination of Oxygen and Carbon Dioxide Concentrations in
Emissions from Stationary Sources (Instrumental Analyzer Procedure).” The
objective of Method 3A is to determine the molecular weight of the source stream by
determining oxygen (O2) and carbon dioxide (CO;) concentrations in the stack gas
stream. The principle is to extract a gas sample from a stationary source and route the
sample through a conditioning system to a paramagnetic oxygen analyzer and an infrared
carbon dioxide analyzer for the measurement of O, and CO; in percentages (%). The O,
and CO; analyzers calibration adjustments are performed by sending EPA Protocol 1 gas
directly to the analyzers. A system calibration is performed by sending calibration gas to
the probe and through the system to the analyzers. Bison's CO,/O, analyzer is a
Servomex Series 1400 (Serial Numbers 01415/B198 and 014208/901, respectively). The
calibration error, system bias and system drift data, and measured concentrations were
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recorded on a stripchart or data acquisition system (DAS). A copy of this data is included
in a report appendix.

Method 4, "Determination of Moisture Content in the Stack Gases." The objective of
Method 4 is to determine the moisture content of a gas stream. The principle of the
method is to extract a sample from the source at a constant rate and impinge it through
chilled water and silica gel. The moisture is removed from the sample stream and the
volume (or mass) of water extracted is determined. The sample volume and water volume
(or mass) are used to calculate the moisture content of the stack gas. The results of pre-
and post-test dry gas meter (DGM) calibrations can be found in the DGM calibrations
table. The DGM calibration data can be found in an appendix of this report. The impinger
waters are volumetrically measured on-site and the silica gels are transported to Bison's
lab and weighed. The test data is hand-recorded on field data sheets and then entered
into spreadsheets for moisture determination calculations. This data and the resulting
moisture can be found in the appendices of this report.

EPA Reference Method 7E, "Determination of Nitrogen Oxides Emissions from
Stationary Sources.” The objective of Method 7E testing is to determine the NOx
concentration from the source. Method 7E entails extraction of a gas sample from a
stationary source and routing the sample through a conditioning system to an analyzer for
the measurement of NOx (NO and NO;) in ppmvd. The NO, analyzer calibration
adjustment is performed by sending EPA Protocol 1 gas directly to the analyzer. A system
bias check is performed by sending calibration gas to the probe and through the system
to the analyzer. Bison uses a Thermo Environmental 42C (NO-NO,-NO,) analyzer, Serial
Number 42CHL-56022-306. The calibration error, system bias and system drift data, and
measured concentrations are recorded on a stripchart or DAS for permanent record.

Typical Layout of a Method 7E and 10 Sampling System

Calibration Gas

N

Stack b m
Filter _I NOx Analyzer

=T @) ([

CO Analyzer
Heated Sample Line Pump Chart

02/CO2 Analyze

e

Condenser
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EPA Reference Method 10, "Determination of Carbon Monoxide Emissions from
Stationary Sources (Instrumental Analyzer Procedure).” The objective of Method 10
is to determine the CO concentrations from the source. Method 10 entails extraction of a
gas sample from a stationary source and routing the sample through a conditioning
system to an analyzer for the measurement of CO in ppmvd. The CO analyzer calibration
adjustment is performed by sending EPA Protocol 1 gas directly to the analyzer. A system
bias check is performed by sending calibration gas to the probe and through the system
to the analyzer. Bison uses a Thermo Environmental Instruments 48C CO Analyzer,
Serial Number 48C-55909-305. The calibration error, system bias and system drift data,
and measured concentrations are recorded on a stripchart or DAS for permanent record.

EPA Reference Method 19, “Determination of Sulfur Dioxide Removal Efficiency
and Particulate Matter, Sulfur Dioxide, and Nitrogen Oxides Emissions Rates.”
Method 19 is employed for the determination of mass rate emissions. Results from
Methods 3A, 7E and natural gas dry F factor (Fq) (from Table 19-1) are employed to
calculate an NOx emission rate (E) according to the following steps.

Step 1: Calculate NOx in pounds per standard cubic feet (Ibs/scf). Method 19, Table 19-
1, provides factors to convert ppm NOx to Ib/scf.

Cq = NOx ppm x 1.194x10 7 Ibs/scfippm = NOx Ibs/scf

Step 2: Calculate NOx results in pounds per hour using Table 19-2 “Factors for Various
Fuels,” using the Fq4 factors and measured oxygen (Og).

E= Fa s Gy 20.9 = NOXx Ibs/MMBtu
(20.9 - %0,)

Where: E = pollutant emission rate (Ilbs/MMBtu)
Cq = pollutant concentration dry basis (Ibs/scf)

Step 3: Using the fuel usage measured during the test and the heating factor of 969.2
Btu/scf n.g., calculate the NOx results in pounds per hour as follows.

E "fumpt X 9.692 x107* MMBY o x fuel "9/, = NOXx Ibs/hr

Conditional Test Method 40, "Determination of PM, s Emissions (Constant Sampling
Rate Procedure)” (Methods 2 & 4 Inclusive). The objective of Method CT40 is to
determine the particulate matter (PM) emissions equal to or less than an aerodynamic
diameter of 2.5 microns from stationary sources. The principle is to draw the sample
stream through an in-stack cyclone which cuts the PM. The matter less than 2.5 microns
proceeds to a 0.3 micron filter. Matter less than 0.3 microns is captured in water
impingers. CT40 incorporates Method 2 "velocity measurements" and Method 4
"moisture measurements."
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Typical Layout of a Method 201A PM,, or CT40 PM; s Sampling System

Teggs
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Manometer Waler
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Air-Tight
Pump
Manomeater

4.3 Analytical Methods

Chain of Custody: Bison staff maintained possession of the samples throughout
sampling, transport and analysis.

Filter Analysis: Bison weighed filters in an environmentally controlled room. Before field
use, the filters were desiccated for a minimum of 24 hours, then weighed and desiccated
at 6-hour intervals until a constant pre-test tare was achieved. After the tests, the filters
were desiccated for a minimum of 24 hours, then weighed and desiccated at 6-hour
intervals until constant post-test weight was achieved. The difference between the
average pre-test tare and average post-test weight was the filter mass capture. Sample
descriptions are recorded on the field data forms.

Nozzle, Cyclone, Probe and Filter-bell Rinse Analysis: The nozzle, probe and filter-
bell were rinsed with acetone. The rinsate was collected in a sample bottle, transferred to
a pre-conditioned, tared aluminum sample boat and heated to evaporate the acetone.
The boat was again conditioned and weighed to determine “front-half’ rinse particulate
matter. The rinse mass capture was added to the filter particulate capture to determine
“front-half” filterable PM emissions.

Impinger Water. Post-test impinger water description of color and presence of film are
recorded on field data sheets. The impinger waters are volumetrically measured after
each test run and rinsed with MeCl. The water and rinse is then transferred to uniquely
identified sample containers for transport to Bison’s lab. At the lab, sample containers are
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checked for leakage then the waters are transferred to graduated cylinders where the
volumes are checked for leakage.

Impinger Water Organic and Inorganic Matter Analysis: The impinger waters are
decanted into a separatory flask and 75 mls of methylene chloride (MeCl) are added and
mixed well. The organic fraction is then drained off into a tared beaker and the extraction
is performed one more time. The remaining inorganic fraction is drained into a tared
beaker. Both beakers are then dried, desiccated and weight gain analysis is performed.

Organic CPM, Methylene Chloride (MeCl) Extractable Matter (MCEM): The impinger
waters are transferred to a separatory flask where MeCl is added. The flask is shaken
and allowed to settle. The solution separates into two distinct aqueous solutions, and the
lower solution is separated off into a tared beaker. This process is repeated. Once the
solution has evaporated to less than 50 mls, the solution is transferred to a pre-
conditioned, tared boat and allowed to air dry until completely evaporated. After
evaporation, the boats are then placed in a desiccator for a minimum of 6 hours after
which they are weighed in 6-hour intervals until a constant weight is achieved. This weight
gain results in the MCEM.

Inorganic CPM: The remaining water in the flask is drained into another tared beaker
and placed on a warming plate to evaporate. Once the water has evaporated to less than
50 mls, the water is transferred to a pre-conditioned, tared boat and allowed to air dry
until completely evaporated. After evaporation, the boats are then placed in a desiccator
for a minimum of 6 hours after which they are weighed in 6-hour intervals until a constant
weight is achieved.

Silica Gel: Bison ftransports pre-dried silica gel in airtight containers holding
approximately 250 grams. Each container is weighed prior to use in a sampling train.
After testing, the gel is placed back into the container and reweighed for moisture gain.
Pre- and post-test silica gel weights are recorded in the lab, entered into the
spreadsheets and may be recorded on field data sheets.

Fuel samples were taken during the testing project and sent to the following lab for
ultimate analysis and Btu determination. The lab results are presented in an appendix to
this report.

Hazen Research Inc.
4601 Indiana Street
Golden, Colorado 80403
Tel. 303 279-4501
Fax 303 278-1528
Contact: Gerard H. Cunningham, Fuel Laboratory Manager
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5.0 QUALITY ASSURANCE AND QUALITY CONTROL

5.1 Documentation and Tracking

Bison uses a project number for document control and tracking for all projects. Each
project that Bison works on is assigned a project number. All documentation pertaining to
that project is filed in the same place under that project number. This assures all pertinent
information can be found easily at a later date.

The tracking number for this project is BRR208862.
5.2 Sampling Protocol

Bison's test, laboratory, reporting, and quality assurance procedures conform to the
requirements specified in the Quality Assurance Handbook for Air Pollution Measurement
Systems, Vol. Ill, Stationary Source Specific Methods, published by the U.S.
Environmental Protection Agency in August, 1977, as revised and amended (cat. #EPA-
600/4-77-027b).

The individual test methods specify handling procedures for physical samples (liquids,
traps, etc.). Bison follows the procedures outlined in the appropriate methods as
described in EPA 40 CFR Part 60, Appendix A and Appendix B.

5.3 Quality Assurance

Bison's quality assurance program is designed to ensure that all source testing methods
are followed and are performed by competent, experienced personnel. Bison’s equipment
is properly calibrated and maintained in good working order. Procedures for sample
collection, recovery, and analysis are performed according to applicable EPA methods.
Bison's practices conform to the procedures in the Environmental Protection Agency
(EPA) Quality Assurance Handbook for Air Pollution Measurement Systems, Volume 3,
EPA-600/4-77-0276, 1977, as amended.

Bison personnel calibrate equipment and instruments using standards when applicable or
per the procedures of National Institute of Standards and Technology (NIST). Bison's
equipment is manufactured to meet all applicable EPA criteria and parameters. Bison
defines a calibration as the procedure of changing a measurement system or device to
match a constant or standard measurement system or device; an “audit” checks the
variance between the value and a standard or a precalibration.

Emission testing quality assurance checks and quality controls (QA/QC) require three
steps: before, during, and after field testing. “Before” QA/QC procedures are performed in
Bison's lab, “during” QA/QC checks are recorded on the field data sheets, and “after”
QA/QC procedures are performed at Bison's lab. These data can be found in the
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appendices. The following table describes Bison's QA/QC, calibration and audit
procedures and schedule.

Table 4: Equipment Calibration and Audit Procedures
Parame.ter oE Schedule and Requirement Method
Unit Reference
Acetone / Dl water | Blank analysis on the rinse solution. Method 5, 3.2
Probe nozzle Calibration according to reference. Method 5, 5.1

Isolated
Type S pitot tubes

Calibration prior to initial field use.

Methed 2, 10.1

Re-examined after each field use.

Method 2, 10.1.5.2.1

Temperature
gauges

Audited on-site and/or after each field use.

Method 2, 10.3.1

Probe heater

Calibration prior to initial field use.

Method 5, 5.4

Barometer

Calibrated against Hg barometer.

Method 2, 10.4

Calibration prior to use. Method 5, 10.3.1

Metering system

Calibration after use. Method 5, 10.3.2

Calibrated and/or audited each year by

independent auditor. N/A

Analytical balance
Audited during sample weighing. N/A

Analyzer calibration error, ACE. Method 7E, 8.5

Analyzers

NO, to NO conversion test. Method 7E, 8.2.4

Sample system bias check, SB. Method 7E, 8.5

Sample system
Zero and calibration drift tests.

Method , 7E.B8.5

54 Volumetric Sampling Equipment Calibrations

Volumetric Sampling by Dry Gas Meter (DGM)

Volumetric sampling by DGM must be initially calibrated across its full operating range
then audited after each testing project. The post-test audit must be within 5% of its initial
calibration. Should the DGM not be within the 5% criteria, the DGM factors must be used
that will give the lowest sample volume. Calibration data can be found in an appendix to
this report. The following table presents the results of the pre- and post-test DGM
calibrations and audits.
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Table 5: Meter Box Calibration Results

Bison Engineering Equipment Calibration Record
Pre- Post-
Unit Calibration | Calibration Results Required
Meter Box 4, "Y" 1.049 1.041 0.01% +5% from pre-calibration

Method 5, Section 5.3.3, states that, should the pre- and post-*Y” factor calibrations differ
more than 5%, the lesser "Y" value shall be used in the calculations.

5.5 Instrument Calibration, Maintenance and Standards

Bison uses a field barometric pressure gauge that is calibrated prior to each field
deployment against a mercury-in-glass standard barometer. Temperature calibrations
are performed using a mercury-in-glass NIST-traceable thermometers.

Bison uses RATA-class calibration gases for all emission testing projects which are
certified as EPA Protocol 1 gases and are purchased from Scott Specialty Gases. The
calibration gas certifications are included in the appendix of this report.

Calibration adjustments of the analyzers are performed by sending the Protocol 1 gas
directly to the analyzers. A system audit is performed before and after each test run by
sending calibration gas to the probe and through the system to the analyzers. The results
of these calibrations and audits can be found in the spreadsheets located in the
appendices.

5.6 Data Acquisition, Reduction and Validation

Test data such as velocities, temperatures and isokinetic sampling are hand-recorded on
field data sheets. The data is then entered into computer spreadsheets where QC/QA and
emission calculations are performed according to the methods. An appendix of this report
contains nomenclature and formulae for reference. All raw field data is supplied in an
appendix to this report. The appendix contains some example calculations; additional
examples will be supplied upon request.

Rounding of Significant Figures

If the first digit to be discarded is less than five, the last digit retained should not be
changed. When the first digit discarded is greater than five, or if it is a five followed by at
least one digit other than O, the last figure retained should be increased by one unit.
When the first digit discarded is exactly five, followed only by zeros, the last digit retained
should be rounded upward if it is an odd number, but no adjustment made if it is an even
number.
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For example, if the emission standard is 90, than 90.357 would be rounded to 90, 90.639
would be rounded to 91, 90.500 would be rounded to 90, and 91.500 would be rounded to
92.

Standard Number Rounded To
90 90.357 90
90 90.639 91
90 91.500 92
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APPENDIX A:
LOW-FIRE PM TEST DATA




Bison Engineering
Method 201A Spreadsheet
Method 201A PM1o & CT40 PM2.5 Test

|[COMPANY |Bitter Root I

[FACILITY [Bismarck Landfill |

[LOCATION [Bismarck N.D. |

[SOURCE [Boiler, Low Fire I

[DATE [Mar 12, 08 1




Method 201A PM10 & CT Method 40 PM2.5

Client Bitter Root Number
Facility Bismarck Landfill of Runs
Location Bismarck N.D. 3
Source Boiler, Low Fire
Test date Mar 12,08 Mar12, 08 Mar12, 08
Start time 9:21 10:40 11:56
Test run One Two Three
[Preliminary info
Barometric pressure [Bp] "Hg 27.88 27.88 25.87
Stack Diameter inch 12 12 12
stack exit area sqft 0.79 0.79 0.79
Meter box ID 3 3 3
meter box Yi 1.003 1.003 1.003
meter box delta H@ 1.76 1.76 1.76
Pitot tube coefficient Cp 0.84 0.84 0.84
[Test Information
nozzle size [nz] inch 0.35 0.35 0.35
filter number 2982 2983 2984
Sample peints 12 12 12
Test duration min 48 48 48
Isokinetics [i] % 136 137 116
D50 cut rate 10.22 10.21 10.16
Sample volume, eq 4.3 dscf 20.94 19.53 18.23
avg delta P "H20 0.036 0.036 0.036
avg sqrt delta P "H20 0.190 0.191 0.191
201A Canstant sample rate delta H "H20 0.56 0.57 0.59
CT40 Constant sample rate delta H "H20 0.51 0.51 0.54
avg meter temp [Tm] deg F 58.7 63.5 65.8
[Stack Information AVERAGES
avg stack temp [ts] degF 313 321 301 312
avg ABS stack temp [Ts] deg R 773 781 761 772
actual stack flow acim 625 634 651 637
actual stack velocity [Vs] ftlsec 13.3 13.4 13.8 14
Standard stack flow dscfm 378 366 356 367
Standard stack flow dscilhr 22710 21981 21343 22011
stack moisture [bws], eq4.4 % viv 4.96 8.19 8.98 7
measured static pressure "H20 0 0 0 0
stack static pressure [ps] "Hg 27.88 27.88 25.87 27.21
Oxygen content %02 13.25 11.01 11.89 12
Carbon dioxide content %C02 7.75 9.89 9.11 9
Wet (Actual) Molecular Weight, Ms Ib/lb.male 29.2 29.1 28.9 29.0
Dry Molecular Weight, Md Ib/lb.male 29.8 30.0 29.9 29.9
[Eab Information
Impinger H20 Gain mls 20 35 35
Impinger H20 volume [Vwe(STD)], eq 4.1 scf 0.94 1.65 1.65
Silica Gel H20 Gain grams (g) 3.2 2 3.2
Silica Gel volume [Vsg(STD)], eq 4.2 scf 0.15 0.09 0.15
Lab Data, cyclone > PM2.5 weight gain g 0.0150 0.0145 0.0125
Lab Data, cyclone PM2.5 weight gain g 0.0009 0.0024 0.0008
Lab Data, Filter PM2.5 weight gain g 0.0375 0.0373 0.0345
Lab data condensible PM (CPM) g 0.0319 0.0270 0,0273
Lab data MeCl| Matter (MCEM) g 0.0013 0.0012 0.0011
cyclone > PM2.5 weight gain grains (gr) 0.2315 0.2238 0.1929
cyclone PM2.5 weight gain gr 0.0139 0.0370 0.0139
Filter PM2.5 weight gain ar 0.5787 0.5756 0.5324
condensible PM (CPM) ar 0.4923 0.4167 0.4213
MeCl Matter (MCEM) ar 0.0201 0.0185 0.0170
Grain loading Emissions AVERAGES
>PM2.5cut gridscf 0.0111 0.0115 0.01C06 0.0710
PM 2.5 cyclone & filter gridscf 0.0283 0.0314 0.0300 0.0299
condensible PM (CPM) gridscf 0.0235 0.0213 0.0231 0.0227
MeCl Matter (MCEM-CPM)) gridsct 0.0010 0.0008 0.0009 0.0008
EPA PM2.5 + CPM gridscf 0.0528 0.0536 0.0540 0.0535
Total PM gridscf 0.0638 0.0651 0.0646 0.0645
[Mass Rate Emissions AVERAGES
> PM2.5 cut Ibs/hr 0.036 0.036 0.032 0.0347
PM 2.5 cyclone & filter Ibsthr 0.092 0.098 0.091 0.0939
condensible PM (CPM) Ibsthr 0.076 0.067 0.070 0.0712
MeCl Matter (MCEM-CPM}) Ibs/hr 0.003 0.003 0.003 0.0030
EPA PM2.5 + CPM Ibsthr 0.171 0.168 0.165 0.1681
Total PM Ibs/hr 0.207 0.204 0.197 0.2028
[Emission Factor AVERAGES
ab analysis 0% oxygen| dscfMMBtu @ 0% 9242 9242 9242 9242
lab analysis Fd @ stack conditions| dscf/MMBtu @ SK 25249 19531 21438 22073
EPA PM2.5 + CPM Ibs/MMBtu 0.190 0.150 0.165 0.1685
TPM Ibs/MMBtu 0.230 0.182 0.198 0.2032

Boiler operating rate| MMBtu/hr [ oo [ 1143 [ 100 | 1.01
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Eq.3

Eq. 4

Eq.5

Eq. 6

Eq.8

Eq. 9

Eq.10

Re Eq. 6

Re Eq.7

CT040 TEST METHOD CALCULATIONS
Test Run 1

[ts Ts [02dry [OZwet |[Bws Ps [Mw [md [Pbar [Tm [aH@ |
| 330] 780] 13.25] 12.59] 0.05] 27.88] 29.4815] 29.77]  27.88| 525] 1.78

CT040 viscosity

[c1 c2 [ca [ca [c5 3
|-150.3162] 13.4622| 3.86E+06] 0.581123] 91.9723] 1.52E-05|

u=C1+C2(sqrt Ts) + C3 Ts? + C4 (%02 wei) - C5 Bws + CB Bws Ts"2

[c1 [c2 [sqrtTs [C3 [Ts*~2  [c4 %02 wet [C5 [Bws |5 [Bws [Ta"2 |
u= [-150.3182] 13.4622 28.10694| 2861530] 1.8E-06] 0.591123] 12.5875] 91.8723| 0.05] 1.52E-05] 0.05]  624100]
u= 237.57 micropoise

Cunningham Correction Factor

C =1 + 0.0057193 (u/Ps/Dp} (Ts/Mw)®S

[u [Ps [Dp [Ts [Mw

[ 2375681 27.88) 3.25| 700| 28.1815]
c= 1 0.005719 3.787153 5.203074
c= 1.11

Lower Limit Cut Diameter
DsoLL = 9.067 C 03907 (Mw*Ps/Ts) 01893

DsowL = 9,057| 1.112608] oxor| 20.1815]  27.88 01993
750

DspuL = 9.408

Cut Diameter for Cyclone | for the Middle of the Overlap Zone
Dsor = (11 + Dsow) /2

Qs= 0.649 ft¥/min

Reynolds Number

Nre = 8,64x10° (Ps*Mw/Ts) (Qs/u)

8.64E+05|  27.88] 29.1815} 0.649438
790 237.5681

Nre = 864000 1.02984B 0.002734
Nre = 2432

1f Nre < 3162 use eq.9 to calculate aH
If Nre > 3162 recalculate Dsow using Eq.10

Meter Box Orifice Pressure Drop SAME AS 201A

aH = (Qs (1 - Bws) Ps / Ts) 2 (1.083 Tm Md aH@ / Pbar)}
aAH= 0.649438 0.95 27.88 2 1.083 525 29.77 1.76
80 27.88
aH = 0.000474 1068.529
sH = 0.51 +50°F aH = 0.45 0.000419
-50°F aH = 0.58 0.00054

Recalculated Lower Limit Cut Diameter @ Nre >3162
Dsore = 10,0958 C 949 (Mw*PsfTs) 008

Dsnut. = 10.0958] 1.112698| oss] 20.1815]  27.88 cos
790

Dsoie = 10.6
Recalculated Cut Diameter for Cyclone | for the Middle of the Overlap Zone @ Nre >3162
Dsoy = (11 + Dsow) / 2

11] 10.6)/ | .

Dsoy = 10.80
Recalculated Cyclone Sampling Rate @ Nre >3162

Qs = 0.07296 u (Ts/Mw/P5)22%8 (1/D 50T)1 4102

Qs = 0.07206| 237.5881| 700| 02040 1 14102
291815 27.88 0.8
Qs = 0.07296 237.5681 0.991364 0.034887

Re Qs = 0.80 ft¥/min
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APPENDIX B:
LOW-FIRE NOx AND CO TEST DATA




Bismarck Low Fire NOx CO test data

Stack Flow
Heat input

NOx source concentration

NOx concentration, M19 conversion
NOx mass rate

NOx emission factor

CO source concentration

CO concentration, M19 conversion
CO mass rate

dscfh
MMBtu/hr

ppmvd
Ibs/dscf
Ibs/hr
Ibs/MNMBtu
ppmvd
Ibs/dscf
Ibs/hr

NOx emission factor

Ibs/MMBtu

Run 1
22710
0.80

105.3
1.253E-06
0.285
0.316
282.5
2.053E-05
0.466
0.518

Run 2
21981
1.13

117.3
1.396E-05
0.307
0.273
159.4
1.169E-05
0.255
0.226

Run 3 Avg.
21343 22346
1.00 1.0
111.7 111.5
1.329E-05 | 1.326E-05
0.284 0.292
0.285 0.291
204.2 215.4
1.484E-05 | 1.565E-05
0.317 0.346
0.318 0.354




Bismarck Run 1

Date/Time co NOx 02

mm/dd/yy hh:mm:ss ppm ppm %

03/12/08 09:21.27 160.04 122.63 10.69
03/12/08 09:21:37 137.31 127.26 10.57
03/12/08 09:21:47 117.06 131.82 10.47
03/12/08 09:21:57 103.44 132.43 10.30
03/12/08 09:22:07 94.75 133.02 10.41
03/12/08 09:22:17 97.76 132.97 10.73
03/12/08 09:22:27 104.88 132.68 10.64
03/12/08 09:22:37 106.34 130.93 10.73
03/12/08 09:22:47 101.38 128.81 10.92
03/12/08 09:22:57 86.01 128.79 10.71
03/12/08 09:23:07 94.16 129.10 11.09
03/12/08 09:23:17 94.43 129.99 11.44
03/12/08 09:23:27 97.80 130.93 11.49
03/12/08 09:23:37 102.56 127.04 12.09
03/12/08 09:23:47 109.73 123.62 11.93
03/12/08 09:23:57 121.39 118.49 11.87
03/12/08 09:24:07 124.71 113.68 11.91
03/12/08 09:24:17 123.47 115.18 11.64
03/12/08 09:24.27 123.54 116.35 11.33
03/12/08 09:24:37 121.72 120.43 11.03
03/12/08 09:24.47 123.84 124.30 11.07
03/12/08 09:24.57 124.70 127.52 11.30
03/12/08 09:25.07 124.15 130.55 11.41
03/12/08 09:25:17 124.12 130.30 11.53
03/12/08 09:25:27 123.58 129.92 11.98
03/12/08 09:25:37 126.80 127.49 12.52
03/12/08 09:25:47 132.88 124.84 13.14
03/12/08 09:25:57 138.73 117.84 13.32
03/12/08 09:26:07 144.50 111.00 12.98
03/12/08 09:26:17 140.85 110.97 12.77
03/12/08 09:26:27 133.17 111.29 12.23
03/12/08 09:26:37 124.74 115.14 11.50
03/12/08 09:26:47 117.94 119.03 11.62
03/12/08 09:26:57 111.83 120.79 11.54
03/12/08 09:27.07 109.36 122.62 11.85
03/12/08 09:27:17 111.24 121.04 11.73
03/12/08 09:27:27 114.44 119.92 11.81
03/12/08 09:27:37 115.63 119.87 11.81
03/12/08 09:27:47 112.41 120.21 11.46
03/12/08 09:27:57 105.51 123.53 11.32
03/12/08 09:28:07 96.68 126.71 11.29
03/12/08 09:28:17 87.10 131.18 11.47
03/12/08 09:28:27 83.79 135.67 11.95
03/12/08 09:28:37 89.11 131.78 12.47
03/12/08 09:28:47 102.20 127.84 12.90
03/12/08 09:28:57 118.28 121.71 13.05
03/12/08 09:29:07 135.81 115.41 12.96
03/12/08 09:29:17 145.29 112.82 12.58
03/12/08 09:29:27 141.50 110.09 12.68
03/12/08 09:29:37 126.81 112.85 12.76
03/12/08 09:29:47 220.11 115.44 12.43
03/12/08 09:29:57 195.30 117.30 12.25
03/12/08 09:30:07 179.75 119.01 12.31
03/12/08 09:30:17 172.04 120.16 12.45
03/12/08 09:30:27 179.17 121.68 12.27

03/12/08 09:30:37 202.78 119.58 12.40



03/12/08 09:30:47
03/12/08 09:30:57
03/12/08 09:31:07
03/12/08 09:31:17
03/12/08 09:31:27
03/12/08 09:31:37
03/12/08 09:31:47
03/12/08 09:31:57
03/12/08 09:32:07
03/12/08 09:32:17
03/12/08 09:32:27
03/12/08 09:32:37
03/12/08 09:32:47
03/12/08 09:32:57
03/12/08 09:33:07
03/12/08 09:33:17
03/12/08 09:33:27
03/12/08 09:33:37
03/12/08 09:33:47
03/12/08 09:33:57
03/12/08 09:34:07
03/12/08 09:34:17
03/12/08 09:34:27
03/12/08 09:34.37
03/12/08 09:34:47
03/12/08 09:34.57
03/12/08 09:35:07
03/12/08 09:35:17
03/12/08 09:35:27
03/12/08 09:35:37
03/12/08 09:35:47
03/12/08 09:35:57
03/12/08 09:36:07
03/12/08 09:36:17
03/12/08 09:36:27
03/12/08 09:36:37
03/12/08 09:36:47
03/12/08 089:36:57
03/12/08 09:37:07
03/12/08 09:37:17
03/12/08 09:37:27
03/12/08 09:37:37
03/12/08 08:37:47
03/12/08 09:37:57
03/12/08 09:38:07
03/12/08 09:38:17
03/12/08 09:38:27
03/12/08 09:38:37
03/12/08 09:38:47
03/12/08 09:38:57
03/12/08 09:39:07
03/12/08 09:39:17
03/12/08 09:39:27
03/12/08 09:39:37
03/12/08 09:39:47
03/12/08 09:39:57
03/12/08 09:40:07
03/12/08 09:40:17
03/12/08 09:40:27
03/12/08 09:40:37

228.79
242.28
242.61
240.80
232.95
217.68
201.02
182.45
165.61
158.87
154.35
152.85
154.05
149.81
147.44
150.74
154.05
154.65
154.66
159.77
174.78
191.71
195.56
187.51
180.05
179.14
186.34
201.91
229.35
266.21
306.11
317.04
312.60
303.44
283.96
272.50
269.68
265.32
256.83
246.88
233.92
225.80
224.60
229.37
235.38
24716
249,88
247.43
246.86
235.65
225.79
22217
219.20
206.08
187.83
176.21
174.71
179.78
189.59
191.99

117.81
114.57
111.58
112.50
113.40
116.69
119.64
124.90
130.28
131.50
132.72
131.74
130.89
131.50
132.09
130.88
129.71
130.91
131.77
128.79
125.44
122.04
118.46
116.71
1156.21
116.03
116.63
115.46
114.01
115.18
116.63
118.42
120.20
118.76
117.59
116.76
115.49
118.17
121.09
118.46
116.08
115.14
114.58
113.71
112.83
111.90
111.29
112.55
114.03
113.71
113.42
113.42
113.76
117.88
122.63
125.78
128.79
126.38
124.02
124.89

12.70
12.80
12.50
12.31
12.31
11.85
11.39
11.38
11.48
11.51
11.34
10.96
10.86
10.88
10.90
10.92
10.91
11.14
11.50
11.70
11.69
11.86
11.90
11.80
11.83
11.90
11.93
11.73
11.30
11.09
11.19
11.43
11.31
11.49
11.72
11.55
11.38
11.77
12.07
12.09
12.50
12.44
12.57
12.71
12.77
12.75
12.63
12.66
12.58
12.45
12.38
12.10
11.78
11.67
11.66
11.90
12.00
11.76
11.68
11.84



03/12/08 09:40:47
03/12/08 09:40:57
03/12/08 09:41:07
03/12/08 09:41:17
03/12/08 09:41:27
03/12/08 09:41:37
03/12/08 09:41:47
03/12/08 09:41:57
03/12/08 09:42:07
03/12/08 09:42:17
03/12/08 09:42.27
03/12/08 09:42:37
03/12/08 09:42:47
03/12/08 09:42:57
03/12/08 09:43:07
03/12/08 09:43:17
03/12/08 09:43:27
03/12/08 09:43:37
03/12/08 09:43:47
03/12/08 09:43:57
03/12/08 09:44:07
03/12/08 09:44:17
03/12/08 09:44.27
03/12/08 09:44:37
03/12/08 09:44:47
03/12/08 09:44:57
03/12/08 09:45:07
03/12/08 09:45:17
03/12/08 09:45:27
03/12/08 09:45:37
03/12/08 09:45:47
03/12/08 09:45:57
03/12/08 09:46:07
03/12/08 09:46:17
03/12/08 09:46:27
03/12/08 09:46:37
03/12/08 09:46:47
03/12/08 09:46:57
03/12/08 09:47:07
03/12/08 09:47:17
03/12/08 09:47:27
03/12/08 09:47:37
03/12/08 09:47:47
03/12/08 09:47.57
03/12/08 09:48:07
03/12/08 09:48:17
03/12/08 09:48:27
03/12/08 09:48:37
03/12/08 09:48:47
03/12/08 09:48:57
03/12/08 09:49:07
03/12/08 09:49:17
03/12/08 09:49:27
03/12/08 09:49:37
03/12/08 09:49:47
03/12/08 09:49:57
03/12/08 09:50:07
03/12/08 09:50:17
03/12/08 09:50:27
03/12/08 09:50:37

183.98
178.88
178.91
185.43
197.37
209.40
222.84
224.66
219.84
223.38
241,13
257.81
251.98
233.24
224.05
221.01
212.97
201.66
185.88
193.53
195.89
199.80
197.10
193.18
200.42
204.56
205.46
201.65
200.73
204.27
209.41
219.55
233.89
248.07
255.04
249.29
240.82
242 .66
272.23
300.88
315.91
330.35
330.63
320.13
305.20
205.86
288.93
280.59
271.71
274,35
283.33
286.92
285.73
282.44
273.70
257.84
252.34
251.96
262.66
281.18

126.13
125.49
124.60
121.42
118.16
117.01
115.43
113.15
110.42
106.34
102.48
103.33
104.57
111.93
119.60
118.79
117.89
116.68
115.53
115.80
116.37
113.71
110.73
109.28
107.79
109.585
111.60
113.97
116.38
116.68
116.40
114.88
113.43
114.01
114.33
113.46
112.83
110.39
108.07
105.80
103.08
101.98
100.80
103.61
106.27
103.66
101.36
101.43
101.36
98.67

95.98

97.44

98.96

97.80

96.78

98.05

99.54

98.07

96.55

93.90

12.04
12.25
12.36
12.32
12.49
12.78
13.25
13.70
13.99
14.25
13.39
12.48
12.47
12.62
12.50
12.68
12.46
12.22
12.01
12.05
12.34
12.56
12.72
12.53
12.29
11.96
11.99
11.89
12.16
12.44
12.35
12.09
12.18
12.29
12.34
12.62
12,97
13.04
13.13
13.35
13.42
13.34
13.50
13.84
13.99
13.98
14.05
14.28
14.43
14.37
14.19
14.31
14.47
14.18
14.30
14.37
14.27
14.46
14.67
14.69



03/12/08 09:50:47
03/12/08 09:50:57
03/12/08 09:51:07
03/12/08 09:51:17
03/12/08 09:51:27
03/12/08 09:51:37
03/12/08 09:51:47
03/12/08 09:51:57
03/12/08 09:52:07
03/12/08 09:52:17
03/12/08 09:52:27
03/12/08 09:52:37
03/12/08 09:52:47
03/12/08 09:52:57
03/12/08 09:53:07
03/12/08 09:53:17
03/12/08 09:53:27
03/12/08 09:53:37
03/12/08 09:53:47
03/12/08 09:53:57
03/12/08 09:54.07
03/12/08 09:54:17
03/12/08 09:54:27
03/12/08 09:54:37
03/12/08 09:54:47
03/12/08 09:54:57
03/12/08 09:55:07
03/12/08 09:55:17
03/12/08 09:55:27
03/12/08 09:55:37
03/12/08 09:55:47
03/12/08 09:55:57
03/12/08 09:56:07
03/12/08 09:56:17
03/12/08 09:56:27
03/12/08 09:56:37
03/12/08 09:56:47
03/12/08 09:56:57
03/12/08 09:57:07
03/12/08 09:57:17
03/12/08 09:57:27
03/12/08 09:57:37
03/12/08 09:57:47
03/12/08 09:57:57
03/12/08 09:58:07
03/12/08 09:58:17
03/12/08 09:58:27
03/12/08 09:58:37
03/12/08 09:58:47
03/12/08 09:58:57
03/12/08 09:59:07
03/12/08 09:59:17
03/12/08 09:59:27
03/12/08 09:59:37
03/12/08 09:59:47
03/12/08 09:59:57
03/12/08 10:00:07
03/12/08 10:00:17
03/12/08 10:00:27
03/12/08 10:00:37

302.27
301.08
292.25
290.12
303.42
321.60
329.50
337.16
330.40
319.86
323.58
363.07
423.38
468.18
484.20
478.11
455.77
449.03
454.87
465.70
476.03
476.27
476.66
469.68
451.95
447.52
437.68
438.62
451.98
473.88
491.90
497.76
482.23
465.95
457 .51
465.36
481.65
484.53
497 .48
502.57
493.13
484.85
491.91
510.00
551.31
566.67
565.64
586.14
607.31
606.81
579.19
536.97
500.98
484 .48
489.01
507.90
528.05
540.45
539.61
536.06

90.88
91.83
92,72
93.81
95.08
95.04
95.05
94.74
94.70
92.66
90.28
87.74
85.05
82.98
80.96
77.63
74.05
69.29
64.92
63.20
61.38
60.79
60.19
58.91
57.95
58.24
58.23
57.92
57.37
58.22
58.89
57.35
56.20
57.65
58.40
60.48
61.62
63.41
64.90
66.40
67.86
66.36
65.14
66.93
69.07
72.27
75.32
74.65
74.04
75.49
76.81
75.91
74.68
73.73
72.55
72.25
71.69
72.53
72.83
70.23

14.59
14.75
14.61
14.59
14.72
14.83
14.70
14.80
15.04
1517
15.23
15.30
15.44
15.69
15.74
15.97
16.38
16.41
16.42
16.52
16.50
16.51
16.54
16.57
16.46
16.51
16.43
16.27
16.38
16.43
16.39
16.32
16.31
16.34
16.16
16.38
16.06
15.98
15.96
16.03
16.11
16.11
15.80
15.57
15.62
15.68
15.64
15.56
15.65
15.80
15.79
15.75
15.90
16.04
15.91
15.78
15.99
16.20
16.23
15.88



03/12/08 10:00:47
03/12/08 10:00:57
03/12/08 10:01:07
03/12/08 10:01:17
03/12/08 10:01:27
03/12/08 10:01:37
03/12/08 10:01:47
03/12/08 10:01:57
03/12/08 10:02:07
03/12/08 10:02:17
03/12/08 10:02:27
03/12/08 10:02:37
03/12/08 10:02:47
03/12/08 10:02:57
03/12/08 10:03:07
03/12/08 10:03:17
03/12/08 10:03:27
03/12/08 10:03:37
03/12/08 10:03:47

Run 1 Average >

54513
560.34
573.88
586.41
561.88
487.50
415.09
396.27
422.50
455,69
483.66
504.35
539.64
589.53
614.17
598.14
586.77
601.20
617.63
282.51

67.84
73.18
78.91
83.01
87.14
102.45
117.86
116.10
114.31
110.66
107.16
106.08
104.56
101.39
98.37
99.87
101.38
95.28
89.40
105.31

15.45
15.28
15.18
14.12
13.26
13.53
13.84
13.98
14.16
14.21
14.30
14.48
14.51
14.28
14.44
14.84
14.94
14.60
13.84
13.25



Bismarck Run 2

Date/Time co NOx 02

mm/dd/yy hh:mm:ss ppm ppm %

03/12/08 10:40:37 379.37 69.64 14.56
03/12/08 10:40:47 387.03 69.32 13.97
03/12/08 10:40:57 396.93 74.09 13.60
03/12/08 10:41:07 392.86 78.89 13.28
03/12/08 10:41:17 375.13 84.76 13.19
03/12/08 10:41:27 350.20 90.63 13.00
03/12/08 10:41:37 318.32 93.89 12.73
03/12/08 10:41:47 204.41 97.42 12.48
03/12/08 10:41:57 278.91 99.28 12.20
03/12/08 10:42:07 257.16 101.39 12.13
03/12/08 10:42:17 234.81 104.59 12.32
03/12/08 10:42:27 215.97 107.53 12.29
03/12/08 10:42:37 206.65 107.26 12.41
03/12/08 10:42:47 201.65 106.64 12.73
03/12/08 10:42:57 204.41 105.77 12.68
03/12/08 10:43:07 212.70 104.90 12.46
03/12/08 10:43:17 220.13 103.38 11.97
03/12/08 10:43:27 216.89 102.06 11.33
03/12/08 10:43:37 191.41 108.05 10.99
03/12/08 10:43:47 167.70 114.30 10.71
03/12/08 10:43:57 151.37 117.88 10.50
03/12/08 10:44:07 141.54 121.13 10.55
03/12/08 10:44:17 142.71 121.46 10.54
03/12/08 10:44:27 149.02 121.48 10.52
03/12/08 10:44:37 153.18 120.20 10.50
03/12/08 10:44:47 147.41 119.04 10.53
03/12/08 10:44:57 138.77 120.52 10.31
03/12/08 10:45:07 134.07 122.34 10.45
03/12/08 10:45:17 134.67 122.34 10.88
03/12/08 10:45:27 140.59 122.38 11.31
03/12/08 10:45:37 143.08 117.93 11.48
03/12/08 10:45:47 146.56 113.11 11.66
03/12/08 10:45:57 155.890 110.72 11.82
03/12/08 10:46:07 168.56 108.14 11.97
03/12/08 10:46:17 182.50 106.08 11.88
03/12/08 10:46:27 190.25 104.28 11.74
03/12/08 10:46:37 185.21 106.70 11.76
03/12/08 10:46:47 181.61 108.31 11.65
03/12/08 10:46:57 180.09 111.00 11.62
03/12/08 10:47:07 171.48 113.10 11.27
03/12/08 10:47:17 165.01 114.28 11.15
03/12/08 10:47:27 162.71 115.49 11.12
03/12/08 10:47:37 161.91 114.30 10.95
03/12/08 10:47:47 161.00 112.84 10.93
03/12/08 10:47:57 156.81 113.17 11.08
03/12/08 10:48:07 152.23 113.14 11.04
03/12/08 10:48:17 153.78 111.95 11.01
03/12/08 10:48:27 160.98 110.38 10.82
03/12/08 10:48:37 161.03 110.75 10.64
03/12/08 10:48:47 151.83 110.67 10.80
03/12/08 10:48:57 139.04 113.17 10.85
03/12/08 10:49:07 128.05 115.53 11.06
03/12/08 10:49:17 122.39 116.37 11.40

03/12/08 10:48:27 125.65 117.05 11.88



03/12/08 10:49:37
03/12/08 10:49:47
03/12/08 10:49:57
03/12/08 10:50:07
03/12/08 10:50:17
03/12/08 10:50:27
03/12/08 10:50:37
03/12/08 10:50:47
03/12/08 10:50:57
03/12/08 10:51:07
03/12/08 10:51:17
03/12/08 10:51:27
03/12/08 10:51:37
03/12/08 10:51:47
03/12/08 10:51:57
03/12/08 10:52:07
03/12/08 10:52:17
03/12/08 10:52:27
03/12/08 10:52:37
03/12/08 10:52:47
03/12/08 10:52:57
03/12/08 10:53:07
03/12/08 10:53:17
03/12/08 10:53:27
03/12/08 10:53:37
03/12/08 10:53:47
03/12/08 10:53:57
03/12/08 10:54:07
03/12/08 10:54:17
03/12/08 10:54:27
03/12/08 10:54:37
03/12/08 10:54:47
03/12/08 10:64:57
03/12/08 10:55:07
03/12/08 10:55:17
03/12/08 10:55:27
03/12/08 10:55:37
03/12/08 10:65:47
03/12/08 10:55:57
03/12/08 10:56:07
03/12/08 10:56:17
03/12/08 10:66:27
03/12/08 10:66:37
03/12/08 10:56:47
03/12/08 10:56:57
03/12/08 10:57:07
03/12/08 10:57:17
03/12/08 10:57:27
03/12/08 10:57:37
03/12/08 10:57:47
03/12/08 10:57:57
03/12/08 10:58:07
03/12/08 10:58:17
03/12/08 10:58:27
03/12/08 10:58:37
03/12/08 10:58:47
03/12/08 10:58:57
03/12/08 10:59:07

130.75
140.96
1569.16
184.29
204.32
219.89
224.39
208.81
181.36
157.11
142.72
139.34
138.77
137.04
139.92
151.64
165.00
172.11
175.97
182.86
201.45
227.96
234.26
221.59
208.25
198.33
188.73
180.40
175.68
189.95
215.01
220.18
205.84
178.10
153.56
136.43
123.94
120.03
123.02
121.54
112.68
101.99
92.69
90.64
96.36
104.90
117.13
123.58
129.30
139.64
148.71
166.563
156.46
150.72
142.38
134.08
132.88
135.90

113.13
109.56
105.82
102.32
98.74

95.41

97.45

99.88

106.36
112.84
117.29
121.48
119.08
117.00
115.50
114.33
111.01
107.78
106.79
103.98
102.36
100.82
102.32
103.37
107.52
111.32
116.45
121.46
123.74
125.82
121.48
116.72
116.13
115.86
117.92
119.90
122.30
124.30
122.63
120.49
120.86
121.44
123.95
126.73
126.11
125.52
123.98
122.65
119.66
116.41
115.27
114.08
114.35
114.66
116.13
117.62
120.51
123.30

12.14
12.48
12.83
13.10
12.99
12.68
12.04
11.41
10.61
10.55
10.97
11.27
11.37
11.56
11.67
11.80
12.09
12.18
12.11
12.11
11.95
11.74
11.70
11.27
10.52
10.11
9.71
0.77
10.08
10.32
10.66
10.80
10.93
11.02
10.87
10.90
11.14
10.87
10.78
10.80
10.57
10.36
10.32
10.08
10.16
10.47
11.05
11.42
11.54
11.66
11.65
11.76
11.68
11.62
11.35
11.04
10.84
10.81



03/12/08 10:59:17
03/12/08 10:59:27
03/12/08 10:59:37
03/12/08 10:59:47
03/12/08 10:59:57
03/12/08 11:00:07
03/12/08 11:00:17
03/12/08 11:00:27
03/12/08 11:00:37
03/12/08 11:00:47
03/12/08 11:00:57
03/12/08 11:01:07
03/12/08 11:01:17
03/12/08 11:01:27
03/12/08 11:01:37
03/12/08 11:01:47
03/12/08 11:01:57
03/12/08 11:02:07
03/12/08 11:02:17
03/12/08 11:02:27
03/12/08 11:02:37
03/12/08 11:02:47
03/12/08 11:02:57
03/12/08 11:03:07
03/12/08 11:03:17
03/12/08 11:03:27
03/12/08 11:03:37
03/12/08 11:03:47
03/12/08 11:03:57
03/12/08 11:04.07
03/12/08 11:04:17
03/12/08 11:04:27
03/12/08 11:04:37
03/12/08 11:04:47
03/12/08 11:04:57
03/12/08 11:06:07
03/12/08 11:056:17
03/12/08 11:05:27
03/12/08 11:05:37
03/12/08 11:05:47
03/12/08 11:05:57
03/12/08 11:08:07
03/12/08 11:08:17
03/12/08 11:06:27
03/12/08 11:06:37
03/12/08 11:06:47
03/12/08 11:06:57
03/12/08 11:07:07
03/12/08 11:07:17
03/12/08 11:07:27
03/12/08 11:07:37
03/12/08 11:07:47
03/12/08 11:07:57
03/12/08 11:08:07
03/12/08 11:08:17
03/12/08 11:08:27
03/12/08 11:08:37
03/12/08 11:08:47

141.57
141.49
136.75
125.06
116.27
118.27
141.82
194.14
228.27
222.83
201.42
183.97
172.05
150.48
143.67
129.58
120.27
117.10
117.08
119.97
130.46
138.74
145.68
151.97
158.05
169.19
183.12
195.32
204.65
222.57
224.37
212.72
194.11
183.34
173.88
161.93
144.26
125.07
109.80
99.00
92.10
87.15
90.00
95.14
101.10
118.27
204.04
276.81
343.46
350.23
320.84
280.70
248.77
218.42
169.22
163.62
127.21
99.02

123.23
122.99
124.89
127.05
130.00
133.04
130.61
128.20
126.12
123.97
123.53
123.27
122.65
122.36
123.54
124.96
122.98
120.52
118.21
116.14
116.16
116.13
116.42
117.05
116.12
115.24
114.89
114.33
1156.51
116.45
115.82
115.51
116.40
117.35
118.54
119.97
124.32
129.14
130.30
131.54
133.29
135.08
136.34
137.21
132.77
127.92
123.76
119.98
119.05
118.52
120.84
123.27
124.93
126.74
127.92
128.82
127.60
126.10

10.69
10.64
10.41
10.18
10.12
10.13
10.12
9.92
10.01
10.14
10.11
10.34
10.46
10.35
10.50
10.98
11.48
11.56
11.61
11.59
11.52
11.60
11.49
11.52
11.44
11.18
11.03
10.82
10.74
10.73
10.80
11.06
11.12
11.02
10.84
10.62
10.45
10.24
10.30
9.98
9.90
9.49
9.58
9.97
10.14
8.73
9.86
Q.77
9.89
9.64
9.68
9.66
9.61
9.60
10.18
10.60
10.70
10.50



03/12/08 11:08:57
03/12/08 11:09:07
03/12/08 11.09:17
03/12/08 11:09:27
03/12/08 11:09:37
03/12/08 11:09:47
03/12/08 11:09:57
03/12/08 11:10:07
03/12/08 11:10:17
03/12/08 11:10:27
03/12/08 11:10:37
03/12/08 11:10:47
03/12/08 11:10:57
03/12/08 11:11.07
03/12/08 11:11:17
03/12/08 11:11:27
03/12/08 11:11:37
03/12/08 11:11:47
03/12/08 11:11:57
03/12/08 11:12:07
03/12/08 11:12:17
03/12/08 11:12:27
03/12/08 11:12:37
03/12/08 11:12:47
03/12/08 11:12:57
03/12/08 11:13:07
03/12/08 11:13:17
03/12/08 11:13:27
03/12/08 11:13:37
03/12/08 11:13:47
03/12/08 11:13:57
03/12/08 11:14.07
03/12/08 11:14:17
03/12/08 11:14:27
03/12/08 11:14:37
03/12/08 11:14:47
03/12/08 11:14:57
03/12/08 11:15:07
03/12/08 11:15:17
03/12/08 11:15:27
03/12/08 11:15:37
03/12/08 11:15:47
03/12/08 11:15:57
03/12/08 11:16:07
03/12/08 11:16:17
03/12/08 11:16:27
03/12/08 11:16:37
03/12/08 11:16:47
03/12/08 11:16:57
03/12/08 11:17:07
03/12/08 11:17:17
03/12/08 11:17:27
03/12/08 11:17:37
03/12/08 11:17:47
03/12/08 11:17:57
03/12/08 11:18:07
03/12/08 11:18:17
03/12/08 11:18:27

856.04
80.01
77.33
76.45
75.54
74.63
73.09
75.22
85.61
101.08
115.96
125.11
126.31
118.57
106.42
91.49
78.77
71.13
65.77
64.52
63.05
62.38
66.29
70.49
72.54
72.57
69.30
66.87
67.23
69.60
78.80
83.89
80.60
73.42
71.68
79.40
102.58
138.46
166.18
170.96
164.20
155.87
145.16
137.94
140.25
149.92
167.72
181.90
182.27
178.93
179.23
191.12
216.19
253.68
275.58
273.41
254.56
236.29

126.70
127.34
130.30
133.33
133.91
134.16
131.55
129.14
126.67
124.34
122.37
120.53
118.51
116.45
121.80
126.98
130.93
134.80
135.75
136.61
136.93
136.98
136.66
136.03
134.53
133.11
130.02
127.06
128.77
126.48
126.45
126.44
127.28
128.17
128.50
128.48
124.35
119.97
117.38
114.39
113.79
112.89
113.46
113.79
112.29
110.73
109.85
108.99
107.55
108.11
104.94
103.38
102.77
102.06
100.82
90.62
105.16
110.44

10.34
10.14
10.14
10.53
10.90
11.07
11.13
11.45
11.64
11.61
11.71
11.65
11.07
10.36
9.97
9.77
9.37
9.37
9.46
9.39
9.40
9.19
9.22
9.36
9.58
10.02
10.24
10.086
9.88
9.99
9.92
9.90
9.93
9.80
10.10
10.37
10.48
10.73
10.99
11.23
11.08
11.10
11.30
11.38
11.56
11.78
11.82
12.07
12.30
12.41
12.31
12.18
12.36
12.45
11.96
11.58
11.24
10.62



03/12/08 11:18:37
03/12/08 11:18:47
03/12/08 11:18:57
03/12/08 11:19:07
03/12/08 11:19:17
03/12/08 11:19:27
03/12/08 11:19:37
03/12/08 11:19:47
03/12/08 11:19:67
03/12/08 11:20:07
03/12/08 11:20:17
03/12/08 11:20:27

Run 2 Average >

214.16
188.43
167.95
145.73
126.54
108.77
97.79
97.54
97.52
95.52
90.65
87.70
159.43

115.26
119.96
119.63
119.67
119.66
119.99
123.33
126.16
126.15
125.84
125.83
125.86
117.34

10.83
11.22
11.60
11.49
11.16
11.14
10.94
10.98
10.72
10.51
10.29
10.11
11.01



Bismarck Run 3

Date/Time co NOx 02

mm/dd/yy hh:mm:ss ppm ppm %

03/12/08 11:56:27 273.18 101.69 13.12
03/12/08 11:56:37 271.21 103.70 13.15
03/12/08 11:56:47 275.90 106.05 12.92
03/12/08 11:56:57 298.23 106.96 12.84
03/12/08 11:57:07 310.89 107.78 12.63
03/12/08 11:57:17 301.23 110.16 12.17
03/12/08 11:57:27 270.01 112.83 11.89
03/12/08 11:57:37 231.51 116.70 11.62
03/12/08 11:57:47 202.34 120.53 11.62
03/12/08 11:57:57 184.03 122.92 11.48
03/12/08 11:58:07 180.42 124.89 11.39
03/12/08 11:58:17 174.80 125.81 11.42
03/12/08 11:58:27 163.84 127.01 11.61
03/12/08 11:58:37 157.07 127.30 12.01
03/12/08 11:568:47 159.45 127.29 12.33
03/12/08 11:568:57 171.26 122.96 12.55
03/12/08 11:59:07 186.95 118.48 12.63
03/12/08 11:59:17 210.30 116.11 12.82
03/12/08 11:59:27 238.06 114.03 13.07
03/12/08 11:59:37 267.24 110.98 13.20
03/12/08 11:59:47 278.00 107.81 13.35
03/12/08 11:59:57 274.71 106.66 13.42
03/12/08 12:00:07 269.77 105.19 13.47
03/12/08 12:00:17 258.73 104.30 13.44
03/12/08 12:00:27 236.93 103.356 13.75
03/12/08 12:00:37 221.70 101.97 13.91
03/12/08 12:00:47 229.18 100.88 14.01
03/12/08 12:00:57 253.63 98.38 14.01
03/12/08 12:01:07 277.66 95.95 14.04
03/12/08 12:01:17 279.48 95.71 14.11
03/12/08 12:01:27 27917 95.33 14.19
03/12/08 12:01:37 283.40 94.47 14.40
03/12/08 12:01:47 287.26 93.27 14.24
03/12/08 12:01:57 286.25 91.49 14.21
03/12/08 12:02:07 308.85 89.73 14.44
03/12/08 12:02:17 311.80 88.85 14.47
03/12/08 12:02:27 305.34 88.24 14.54
03/12/08 12:02:37 290.16 88.28 14.44
03/12/08 12:02:47 276.22 88.49 14.38
03/12/08 12:02:57 263.96 90.60 14.31
03/12/08 12:03:07 267.55 92.70 14.22
03/12/08 12:03:17 281.62 93.03 13.91
03/12/08 12:03:27 283.06 93.28 13.74
03/12/08 12:03:37 267.80 97.17 13.70
03/12/08 12:03:47 246.35 101.09 13.80
03/12/08 12:03:57 235.72 101.43 13.97
03/12/08 12:04:07 242.11 101.73 14.05
03/12/08 12:.04:17 267.21 99.61 14.13
03/12/08 12:04:27 300.57 97.45 14.16
03/12/08 12:04:37 329.26 95.98 14.24
03/12/08 12:04:47 337.59 94.81 14.45
03/12/08 12:04:57 331.33 93.61 14.80

03/12/08 12:05:07 319.97 92.70 14.49



03/12/08 12:05:17
03/12/08 12:05:27
03/12/08 12:05:37
03/12/08 12:05:47
03/12/08 12:05:57
03/12/08 12:06:07
03/12/08 12:06:17
03/12/08 12:06:27
03/12/08 12:06:37
03/12/08 12:06:47
03/12/08 12:06:57
03/12/08 12:07.07
03/12/08 12:07:17
03/12/08 12:07:27
03/12/08 12:07:37
03/12/08 12:07:47
03/12/08 12:07:57
03/12/08 12:08:07
03/12/08 12:08:17
03/12/08 12:08:27
03/12/08 12:08;37
03/12/08 12:08:47
03/12/08 12:08:57
03/12/08 12:09:07
03/12/08 12:09:17
03/12/08 12:09:27
03/12/08 12:09:37
03/12/08 12:09:47
03/12/08 12:09:57
03/12/08 12:10:07
03/12/08 12:10:17
03/12/08 12:10:27
03/12/08 12:10:37
03/12/08 12:10:47
03/12/08 12:10:57
03/12/08 12:11:.07
03/12/08 12:11:17
03/12/08 12:11:27
03/12/08 12:11:37
03/12/08 12:11:47
03/12/08 12:11:57
03/12/08 12:12:07
03/12/08 12:12:17
03/12/08 12:12:27
03/12/08 12:12:37
03/12/08 12:12:47
03/12/08 12:12:57
03/12/08 12:13:07
03/12/08 12:13:17
03/12/08 12:13:27
03/12/08 12:13:37
03/12/08 12:13:47
03/12/08 12:13:57
03/12/08 12:14:07
03/12/08 12:14:17
03/12/08 12:14:27
03/12/08 12:14:37
03/12/08 12:14:47

311.75
299.39
294.44
302.41
312.13
325.23
321.16
320.81
325.80
314.16
29410
276.52
268.74
263.27
256.92
246.41
24577
236.33
208.88
177.49
158.93
149.88
145.70
144.27
157.70
181.05
168.34
200.74
198.36
195.92
191.75
189.67
187.69
183.10
180.71
178.08
181.68
190.28
207.61
222.27
233.06
234.25
231.83
227.09
23423
247.81
257.17
2565.47
245.04
231.55
213.59
195.93
184.62
184.91
185.37
202.01
218.35
235.43

92.65

92.71

91.54

90.32

88.49

86.85

87.16

87.12

87.45

87.75

90.91

94.14

93.84

83.60

95.43

97.16

100.20
103.07
112.92
122.70
122.65
122.97
120.83
118.84
118.65
118.19
117.61
117.08
115.52
114.31
116.46
118.46
121.46
124.64
124.93
125.51
122.37
119.36
117.03
114.93
114.74
114.12
112.29
110.16
107.57
104.87
106.08
107.00
105.82
104.94
103.41
102.06
103.13
104.58
103.98
103.42
102.78
101.77

14.63
14.75
14.90
14.93
14.89
14.96
14.84
14.71
14.45
14.40
14.43
14.31
14.20
13.98
13.91
13.23
12.48
12.33
12.43
12.47
12.64
12.87
12.96
12.83
12.64
12.77
12.97
13.10
12.84
12.62
12.47
11.92
11.89
12.10
12.62
12.90
12.98
13.09
13.20
13.22
13.28
13.43
13.68
13.65
13.51
13.43
13.49
13.53
13.67
13.77
13.71
13.62
13.66
13.55
13.64
13.69
13.91
14.07



03/12/08 12:14:57
03/12/08 12:15:07
03/12/08 12:15:17
03/12/08 12:15:27
03/12/08 12:156:37
03/12/08 12:15:47
03/12/08 12:15:57
03/12/08 12:16:07
03/12/08 12:16:17
03/12/08 12:16:27
03/12/08 12:16:37
03/12/08 12:16:47
03/12/08 12:16:57
03/12/08 12:17.07
03/12/08 12:17:17
03/12/08 12:17:27
03/12/08 12:17:37
03/12/08 12:17:47
03/12/08 12:17:57
03/12/08 12:18:07
03/12/08 12:18:17
03/12/08 12:18:27
03/12/08 12:18:37
03/12/08 12:18:47
03/12/08 12:18:57
03/12/08 12:19:07
03/12/08 12:19:17
03/12/08 12:19:27
03/12/08 12:19:37
03/12/08 12:19:47
03/12/08 12:19:57
03/12/08 12:20:07
03/12/08 12:20:17
03/12/08 12:20:27
03/12/08 12:20:37
03/12/08 12:20:47
03/12/08 12:20:57
03/12/08 12:21:07
03/12/08 12:21:17
03/12/08 12:21:27
03/12/08 12:21:37
03/12/08 12:21:47
03/12/08 12:21:57
03/12/08 12:22:07
03/12/08 12:22:17
03/12/08 12:22:27
03/12/08 12:22:37
03/12/08 12:22:47
03/12/08 12:22:57
03/12/08 12:23:07
03/12/08 12:23:17
03/12/08 12:23:27
03/12/08 12:23:37
03/12/08 12:23:47
03/12/08 12:23:57
03/12/08 12:24:07
03/12/08 12:24:17
03/12/08 12:24:27

241.82
236.88
223.15
225.28
241.77
252.74
235.71
209.72
183.37
164.20
150.78
135.88
118.27
105.82
101.71
107.91
113.01
117.09
119.14
123.01
131.17
140.63
142.45
144.87
147.80
145.14
138.48
132.30
132.34
135.57
141.81
152.62
159.86
173.02
185.80
186.37
186.39
198.63
218.38
230.63
249.93
277.73
326.09
367.09
386.74
380.00
363.74
353.25
317.45
265.70
225.26
195.63
174.48
157.38
146.61
139.67
134.97
132.66

99.31
96.55
98.14
98.92
100.82
101.73
105.23
109.04
114.07
118.83
119.95
121.43
123.30
125.22
126.45
127.63
126.15
124.34
125.25
126.12
124.95
123.75
121.77
119.36
115.84
112.256
114.04
115.57
117.34
119.07
120.56
122.08
122.96
124.05
122,95
121.79
121.78
121.49
120.54
119.94
122.08
124.38
126.156
128.21
128.84
129.41
127.34
124.96
122.68
120.23
117.04
113.75
112.29
111.06
110.45
110.16
110.49
110.75

14.01
13.86
13.71
13.63
13.41
12.84
12.22
11.91
11.61
11.48
11.26
10.97
10.91
11.11
11.09
11.20
11.13
11.03
11.14
11.51
11.38
11.78
12.07
12.13
12.08
11.88
11.72
11.63
11.49
11.33
11.05
10.57
10.60
10.63
10.71
10.29
9.80
9.56
8.19
8.63
8.05
7.53
7.51
7.38
7.68
8.00
8.12
8.70
9.53
9.99
10.53
10.75
10.84
10.97
11.08
11.17
11.25
11.19



03/12/08 12:24.37
03/12/08 12:24:47
03/12/08 12:24:57
03/12/08 12:25:07
03/12/08 12:25:17
03/12/08 12:25:27
03/12/08 12:25:37
03/12/08 12:25:47
03/12/08 12:25:57
03/12/08 12:26:07
03/12/08 12:26:17
03/12/08 12:26:27
03/12/08 12:26:37
03/12/08 12:26:47
03/12/08 12:26:57
03/12/08 12:27:07
03/12/08 12:27:17
03/12/08 12:27:27
03/12/08 12:27:37
03/12/08 12:27:47
03/12/08 12:27:57
03/12/08 12:28:07
03/12/08 12:28:17
03/12/08 12:28:27
03/12/08 12:28:37
03/12/08 12:28:47
03/12/08 12:28:57
03/12/08 12:29:07
03/12/08 12:29:17
03/12/08 12:29:27
03/12/08 12:29:37
03/12/08 12:29:47
03/12/08 12:29:57
03/12/08 12:30:07
03/12/08 12:30:17
03/12/08 12:30:27
03/12/08 12:30:37
03/12/08 12:30:47
03/12/08 12:30:57
03/12/08 12:31:07
03/12/08 12:31:17
03/12/08 12:31:27
03/12/08 12:31:37
03/12/08 12:31:47
03/12/08 12:31:57
03/12/08 12:32:07
03/12/08 12:32:17
03/12/08 12:32:27
03/12/08 12:32:37
03/12/08 12:32:47
03/12/08 12:32:57
03/12/08 12:33:07
03/12/08 12:33:17
03/12/08 12:33:27
03/12/08 12:33:37
03/12/08 12:33:47
03/12/08 12:33:57
03/12/08 12:34:07

134.05
138.51
139.67
132.93
126.86
122.07
121.80
128.05
132.06
124.21
121.81
126.37
127.19
125.68
120.88
116.78
112.42
112.13
118.55
137.05
169.22
227.40
331.92
398.16
413.41
421.42
426.77
388.72
303.00
210.00
149.01
125.96
130.48
141.53
150.18
154.71
154.71
152.89
154.10
1564.07
155.59
152.61
146.02
141.27
143.95
146.87
151.39
157.47
163.89
161.60
148.70
132.05
120.25
119.42
120.90
128.66
147.87
158.62

110.17
109.56
111.99
114.09
113.75
113.23
113.20
113.17
113.81
114.35
114.95
116.27
117.62
119.65
121.08
122.67
121.17
119.97
121.75
123.76
122.11
120.24
118.88
117.34
118.21
119.056
116.76
114.33
113.46
112.59
114.37
115.83
116.14
116.19
114.12
112.00
109.60
107.54
108.17
108.70
108.76
108.75
106.71
104.31
104.30
103.96
107.49
110.75
111.37
111.98
115.25
118.54
116.12
114.05
114.97
116.15
116.74
117.05

10.84
10.45
10.43
10.39
10.29
10.08
9.80
9.61
10.07
10.49
10.44
10.38
10.19
10.06
10.33
10.65
10.46
10.23
10.15
9.85
9.32
8.51
7.93
7.92
8.02
8.49
9.15
9.77
10.14
10.41
10.39
10.23
10.48
10.85
11.25
11.42
11.46
11.64
11.73
11.79
12.03
12.27
12.31
12.29
11.91
11.66
11.50
11.24
11.03
11.15
11.35
11.58
11.35
10.88
10.61
10.86
11.00
11.30



03/12/08 12:34:17
03/12/08 12:34:27
03/12/08 12:34.37
03/12/08 12:34:47
03/12/08 12:34.57
03/12/08 12:35:07
03/12/08 12:35:17
03/12/08 12:35:27
03/12/08 12:35:37
03/12/08 12:35:47
03/12/08 12:35:57
03/12/08 12:36:07
03/12/08 12:36:17
03/12/08 12:36:27
03/12/08 12:36:37
03/12/08 12:36:47
03/12/08 12:36:57
03/12/08 12:37.07
03/12/08 12:37:17
03/12/08 12:37:27
03/12/08 12:37:37
03/12/08 12:37:47
03/12/08 12:37:57

Run 3 Average >

165.89
160.72
148.15
148.40
143.66
138.77
132.61
126.25
119.44
112.14
111.88
123.31
136.15
138.21
130.44
127.74
123.58
117.69
107.58
103.19
109.11
115.40
123.91
204.15

115.55
114.09
114.68
115.21
115.04
114.67
116.47
117.96
119.41
120.87
119.69
118.56
119.35
120.26
121.48
122.40
121.51
120.88
123.55
126.18
125.56
124.66
117.94
111.70

11.12
10.95
11.02
11.23
11.26
11.12
10.97
10.93
10.52
10.34
9.95
9.72
8.49
8.62
9.28
9.49
9.63
9.71
9.79
10.11
10.99
11.48
11.80
11.89



APPENDIX C:
HIGH-FIRE PM TEST DATA




Bison Engineering
Method 201A Spreadsheet
Method 201A PM1o & CT40 PM2s Test

[COMPANY |Bitter Root |
[FACILITY [Bismarck Landfill |
[LOCATION |Bismarck N.D. I
[SOURCE |Boiler, High Fire |

[DATE [Mar 12, 08 I




Method 201A PM10 & CT Method 40 PM2.5

Client Bitter Root Number
Facility Bismarck Landfill of Runs
Location Bismarck N.D. 2
Source Boiler, High Fire
Test date Mar 12,08 Mar 12, 08
Start time 13:21 14:48
Test run Four Five
[Preliminary info
Barometric pressure [Bp] "Hg 27.88 27.88
Stack Diameter inch 12 12
stack exit area sqft 0.79 0.79
Meter box ID 3 3
meter box Yi 1.003 1.003
meter box delta H@ 1.76 1.76
Pitot tube coefficient Cp 0.84 0.84
[Test Information
nozzle size [nz] inch 0.35 0.35
filter number 2976 2977
Sample points 12 12
Test duration min 48 48
Isokinetics [i] % 100 104
D50 cut rate 10.19 10.17
Sample volume, eq 4.3 dscf 18.91 18.15
avg delta P "H20 0.061 0.059
avg sqri delta P "H20 0.246 0.243
201A Constant sample rate delta H "H20 0.60 0.62
CT40 Constant sample rate deita H "H20 0.54 0.55
avg meter temp [Tm] degF 79.5 78.8
[Stack Infarmation AVERAGES
avg stack temp [is] degF 348 369 358
avg ABS stack temp [Ts] degR BO8 829
actual stack flow acim 831 830 831
actual stack velocity [Vs] fisec 17.6 17.6 18
Standard stack flow dscfm 468 454 461
Standard stack flow dscffhr 28102 27234 27668
stack moisture [bws], eq 4.4 % viv 7.46 7.84 8
measured static pressure "H20 0 0 0
stack static pressure [ps] "Hg 27.88 27.88 27.88
Oxygen content %02 11.41 10.25 11
Carbon dioxide content %C02 9.59 10.75 10
Wet (Actual) Molecular Weight, Ms Ib/lb.mole 291 292 29.1
Dry Molecular Weight, Md Ib/lb.mole 30.0 30.1 30.1
[Cab Information
Impinger H20 Gain mis 30 30
Impinger H20 volume [Vwc(STD)], eq 4.1 scf 1.41 1.41
Silica Gel H20 Gain grams (g) 2.4 2.8
Silica Gel volume [Vsg(STD))], eq 4.2 scf 0.11 0.13
Lab Data, cyclone > than PM10 weight gain grams (g) NA NA
Lab Data, cyclone > PM2.5 weight gain g 0,0240 0.0302
Lab Data, cyclone PM2.5 weight gain g 0.0007 0.0000
Lab Data, Filter PM2.5 weight gain g 0.0074 0.0412
Lab data condensible PM (CPM) g 0,0318 0.0341
Lab data MeCl Matter (MCEM) g 0.0012 0.0015
cyclone > PM2.5 weight gain grains {gr} 0.3704 0.4661
cyclone PM2.5 weight gain gr 0.0108 0.0000
Filter PM2.5 weight gain ar 0.1142 0.6358
condensible PM (CPM) ar 0.4507 0.5262
MeCI Matter (MCEM) gr 0.0185 0.0231
[Grain ioading Emissions AVERAGES
> PM2.5 cut gridscf 0.0196 0.0257 0.0226
PM 2.5 cyclone & filter gridscf 0.0066 0.0350 0.0208
condensible PM (CPM) gridsef 0.0259 0.0280 0.0275
MeCl Matter (MCEM-CPM)) gr/dsct 0.0010 0.0013 0.0011
EPA PM2.5 + CPM gridscf 0.0335 0.0653 0.0454
Total PM gr/dscf 0.0531 0.0910 0.0721
[Mass Rate Emissions AVERAGES
> PM2.5 cut Ibs/hr 0.079 0.700 0.0853
PM 2.5 cyclone & filter Ibs/hr 0.027 0.136 0.0814
condensible PM (CPM) Ibsihr 0.104 0.113 0.1085
MeC] Matter (MCEM-CPM)) Ibsihr 0.004 0.005 0.0044
EPA PM2.5 + CPM Ibsihr 0.135 0.254 0.1944
Total PM Ibs/hr 0.213 0.354 0.2836
Emission Factor AVERAGES
ab analysis Fd @ 0% oxygen| dsci/MMBiu @ 0% 0242 9242 9242
lab analysis Fd @ stack conditions| dscf/MMBtu @ SK 20354 18137 19245
EPA PM2.5 + CPM Ibs/MMBtu 0.098 0.169 0.1334
TPM Ibs/MMBtu 0.154 0.236 0.1951
Boiler operating rate| MMBtu/hr | 1.38 1.50 1.44 |




HoWi[ DSBES HoS1| GZ'808 190°'0 _paienbs p ubs Bage|
89% C¢E8 G9'LL Hdo WY 0G°6L do S} GE'8YE 090 9¥g’0 190°0 9¥2'0 L8900
wyasp wjoe 295/ i XN Hp dp] Bae | dp'Bae | oyoog swnjoa sidwes dp]'Bae | dp bae
67 99, 6201 10} vl A §'6. 6. 08 GLE 090 2z0 050°0 69'9LL Sy g¢ 2¢0 0500 Zl
£9¥ £E8 69°LL L6 16 0£¢6 G6L 64 08 09¢g 090 Y20 0900 2o'vllL 6'Er 6'E ¥20 090°0 L
B86¥ 06 8L'6L L6 £6 0F'88 §'6L B4 0B 19€ 090 9z 0 0200 D0ELL 00y 104 9z'0 0.0'0 ol
00§ 668 80'6L 96 8 12’08 G'6L 64 0B 8G€ 090 92’0 0400 gL' LLL L'GE £t 9¢'0 0.0'0 6
66% 206 GL'6L 66 z8 G9'8L §6L 62 0B o€ 090 9¢'0 0.0°0 8¥'60L ¥LE 14 920 0.00 g
89¢ 28 6¥F'LL 20} L0l GE'06 G'6L 6L 1] 144> 090 ¥2°0 0900 ¥8° L0} 1’22 6E ¥2'0 090°0 L
¥ev 8S.L 60°91 20} cll ¥#'801 S'6L 64 0B ¥GE 090 [4A 0500 £L°901 2'Ee 9'c 220 050°0 9
£9¥ £E8 69°LL 001 66 856 S'6L 64 08 09 050 ¥2'0 090°0 S5'v¥0L 961 6 ¥e'0 0500 S
905 688 2881 0oL L] 8c'\8 G'6L 64 08 0ve 090 920 0400 68°20L LGl eY ge0 0.0°0 ¥
B89 g8 0S'LL G0L 86 B65°E6 G'6L 64 0B EPE 09’0 ¥2 0 0900 L1'LOL ¥ll 6'E ¥2°0 0500 £
8% 808 PLLL 601 ¥0l 29'86 G'6. 64 08 OlLE 090 LAY 0300 L5'66 S/ 6'E ¥2'0 050'0 14
LEY SEL 09'SL PLL il EL'60L G'6L 6. 08 90€ 09'0 22 0 D500 cL LB 9E 9t 2e0 050°0 L
Wjosp wyoe oasfy 1% 1% 1 % Bay mno u| dwal [Heysp | dpybs deysp | 5006 awiL awlL dpubs  dp ON
MO Mol4 NENY m:._:.uw_ [ENJDY PaWNsSsy ﬁ_Eu._. J8joiN Naejs ovr1D YI0Z peay |ap IOAJIBIN uny juiod 8SJaAEl] ald Jsal
MovY 1 S TAAD Ad Lo/g0 das pesiray
Hy3 GLLD He cEL'D (xew) d eyap - IIv]| o%H
(e} N RE] Y] Ha3 (unw) 4 eyap - jv| 0H (siowrqual) 9L0LET6E 1am yBiam Jenosjoly
[OE] vN P N (xew) 4 eyap]otH (aiowrqiral} D666 Ap ‘yBiam Jenosjon
oAV S RE oAV NRE] (uiw) d eyapjozH (PrAoe) (96 | £up ‘spixoiq uogien
GE'0 <pajaelag| gcEc’0  slewelsa Jsaweld a|zzoN QZH (manon)  2/90°LL 1am ‘uabixp
cZ+aN ZZ+/N 029N §BLSN Z/L*¥N 95L*EN BEL-ZN 52L*IN|0F1D burs) [P | Aip ‘uebixQ 203
GE* ZPEs £= $9Z* £EZ> GL.Z= /6L= Z8L> QL= Gle OEL+|VLOZ (4 Bap) 064 s ‘dwa) yoeys sqy 0
(wun) zol {t1>05p>61 ‘@98 IN0 050 050 NOIL2313S STZZON|PN (4Bap) |p0EE s) ‘dwaj yoels
(%) oot {02} >1>08} 'Bay opaupjos| | 4o 05 + 19'0 406- 80 [ JONVM (ozH) [00D ainssaid obeb ‘aneg Bd
{uiw/ea) 890 aled mol} 9U0J2A3 1593 150d PIS SO {0zH.) ¥5°0 == H Elleq 0¥.LD H¥ ( Od4NI ISHIAVHL
(simyawomiw)  GL'QL 3ue|2A2 10} WE|p 10 J58) §s0d 105(] <ZO9lE>8IN  PGPE Jaqunu spjoufay aiN Zl S)ulod jo Jaquinp |elol
(siejpwomiw)  LE'6 JsBLUElP IND YL JaMmO| 158 1S0d T10S(] {uyeey) 1¥9°0 8]el Moy BUO[AD QYLD SO (uw) o'y aw) uny 1ebie]
r4 N 10198} "Mo9 WeyBujuung 1sa)1sod stglewonw)  ZZ'0L auo[oAo Jo} Welp N Losqg (3Bap) [OGL dwa) 1818y pawnssy
(asiodosopw)  556T ANS09s]A YIB)S 158} 1504 SN uPEWoDIW)  EF6 J31BWEIp N2 JL| Jamo] Tosg (%) |0€ 2JN}SIOLW paLLNSSY
{usw) gl aw] Bujdwes jeud L Jojoe “uog weybuuung o OdNI LS31 4]
(1osp) 1681 awnjop, sjdwes gLs A sA (esjodosoiw)  ZE'REZ A}is00sIA 3OB]S 0P 1D SN 9/’ H Bl2q
(arowrqu/at) oL's2 WBjapn JeinosjoW 13A [EMIY M suopenaeD ov1o| €00°L 1A
(sma) o'l ¥oBIS W OZH % Smg 405+ 890 4.05- €50 | JONWH (ubs) 620 YIHY oeIS
(BH .) 89°.2 Sd 'aJnssaid yoB1S Sd (0ZH.) m 09°0 <== H e}jed VL0Z H¥ 0 64D _ _Nv {sayou)
| S11NS3¥ a3aLVINDIVI| (uuew) €890 sjed moj} 3uolkD Y10z SO ubs 1ay|  ubs puy P B weig
B) vz sbeals Qg Jayem Jabudw| (astodoroiw) OO vPZ AIs00SIA YOBIS YLOZ sh (bHo 8822 dg wd
fl OdNI 1531 150d | S SUOJE[NIIED V10Z| I ‘O4dNI AMYNINITIYd
awy pug LZ:g) o peygl all4 ybiH 4a)i0g :eainogfol62 #aEd]  owwm isaojeradof
80 ‘2l Jel| :e3e(| "O°N yews)g :uonesoT| 1003 Jamg Aoed)
) owmf| Ag m_mo_ jeayspealds SZAId 0v19 *® OHAd VIL0Z poulsiy ‘Bunissuibug uosig ¥ uny jisal




MoWwl|[ B2BES HosL| /9828 £91°0 palenbs gp pbs Bag|
[ L 628 65 LI Joun| 6287 4o S} Z9'89€ 090 £V20 6500 $0¥'0 €910
Lyosp wyoe FEE Wy, s1 HP dpj bBae | gpBae | 0861 SwnjoA o|dwes dplBae | dp bae
60¥ 641 $5°91 GOF 801 l1'20} §'6L 64 08 E£0¥ 290 ¢¢0 0500 8G°9E1 g6y g'e 620 0GL'0 Zl
444 98 62'8L S0l 6 9/.'68 G'64 64 08 [tf44 ¢9°0 ¥Z0 090°0 SLGeEL 154 2'E er’o 08L°0 1"
6t £68 0L'8l 901 S0l 1200} G'6L 64 oe 10¥ 29°0 ¥2'0 0900 L9EEL 0'8E € er'o 08L0 )]
98 616 LG61 901 ¥8 9208 64 9. oe 86E 290 920 0400 00'¢El ZVE |54 L0 0210 6
£GP G¥8 E6°LL 801 801 £¥'201 58 9. 6. GBE 290 ¥20 0900 | #FOEL L'0E g€ oo 0910 8
viv LLL LE'9L 601 LG} St'6yl G'8L 8. 6L GBE €90 220 0500 4414 £'92 G'e 6E°0 0SL°0 L
2154 L9 1291 0ok GlLl ¥1'601 §'84 8L 6L GLE 29°0 A4 0500 19921 44 e 0¥'0 0810 9
LS¢ LEB P9 Ll 16 LOL 0196 8L 84 64 86E €90 ¥e0 0900 90'GZL £61 2t 6E0 0510 S
L9¥ LES ¥3Ll 16 £01 98'.6 §'8L 8L 64 gee 290 vZo 0900 Zv'eet §'GlL g€ L0 010 ¥
€08 888 S8'81 Y6 4] [As N §'8L 8L 64 LPE 290 920 0.0°0 sl L1l 'y 0y 0 08L'o £
iy 108 L AWAS L0 0L 02'96 58 8L 6. ZlE 290 20 0900 6L°02} 9L '€ Zv’0 08L°0 [4
(414 G6L 18°9L 001 00} 92'G6 5’8 82 BL 88¢ 29’0 20 090°0 0sgLl 8€ 8¢ 6E0 0GL°0 L
wjosp tjoe J3asfy 1% 1% | % By mno ] duws), | HeElep dpubs dEjep | 089t aull) awy dpubs  dp ON
MOjq MO[H ‘9N m:___cm_ |1enjdy | paunssy QEm..._.. Jaj9|N Haejg 0¥10 VioZ pPeay [aA [OANB N uny juiod 9SIaABl] ald }so]
Mo9VvY LS MO Aq 1080 1dBS pesiey
He3 8gL0 HEE ¥rL0 (xew) 4 eyap - | otH
ue3 ] W EEE] (unw) d e)jsp - v oH (ajowrgya) 19962 1om ‘WyBiam tenasjoy
i3 VN =] VN (xew) 4 elap| o*H (sjowrgua))  £L°0E Ap 'yBiam Jenosjop
onY S| onY YT (uiw) d eyap| o (prns) [8DF | fup *apixoiq uogien
ge'0 | <peoses| eoz0  slEWe}sa Japwel] 8|Z20N OH (mang) G266 1am ‘uabixp
52°8N 2Z+.N 020N 881+GN ZZL*PN 95| °EN BEL-ZN GZLeIN|0V.LD Pans) [€0L | Aup 'usBAXQ 200
GE* ZiEe €9 POPs EEZ= G1Z¢ J6L2 2Bl $Ole Gle OEL*|VLOZ (d Bap} ove 5] 'dwa] y2e)s sqy 0
(wm) zol {11>05P>6) 'si2Y D 05T 05O NOLLO3T3S 3TZZ0N|PN (46sp) [0°0BE s} 'dwa] ¥9ElS
(%) oL {0zl >1>08} 'Bay anaupjes] | 205+ 290 4005- 6¢0 | JONVY (ozH) 000 amnssaid abeb ‘onejg b4
{unuygi) 0L0 ajel mo)} uojafo 158} sod IS SD (ozH.) S5°0 == H EllaqQ 0¥LD HT I OANI ISHIAVHL
(sigjawomw)  f1'0k aup|afo Joj We|p in3 158} 1sod 105 «COlE > 3N CLIEC Jaqunu spjouAay =N Zl SJul0d JO Jaqunp |Blo ]
(st2jaWwouaiu) vE'6 Jajawelp yna i Jemo| 18} 1sod 1105 (unrew) 1690 3jel Moj} SUojAD OF LD SO uw) (o'8y awg] uny 19bie|
ZkL Joloe) oo weybuiuung 1sslised O sigjawanw)  210) auojpAo Joj Welp N Losqg (469p) (008 dwa] J9IB pawnssy
(asjodosonu)  £5°052 A}1S0DSIA YIE)S 158) Is0d SN HEIETLIE])] GE'6 J9J8WEIP NI W} JamoT] Tosqg {%%) o€ ainjsiowl pawnssy
(unu} £5p awy Budures jeuly ZL'L Jope4 "uog weybujuung 9 04Nl 1S31 3¥d
(9sp) sial awnjop sjdwes qLs Aa sA (esiodosop)  J/'842 Ausoosia yoels oyLD sh 9L} H&ll2d
(slowrail) aL's6z 1yBiann JEINIBI0W 18N [ENIDY M suonenoajed or.Lo| £00°} 1A
(smg) vas 3OBIS U] OZH % Smg .06+ 0.0 405- 550 | IONvYH (ybs) 64°0 Y3uv ¥oelis
(BH ) 88°/2 sd 'ainssaud ¥oBs sd {ozHs | z90 | == H 8190 Y10Z HY 0 640 |0 |o |zt (sayour)
| SLINS3I¥ 0ILVINDIV I (uuyed)  eEL0 9jeJ MO} BUOIAD YLOZ D ybs pay|  wbspuy WP yiBu we|g
(B) gz TS sajem Jabiuduy (ssiodosoj)  §g'LGE f)1s09s1A joe)S WLOZ SN {BH) 8942 dg wd
[ OdNI 1531 LSOd| I suoneIng|eg vi0z| | ‘OdNI AMYNIWIT3YHd
iy pug| gyl e pejs| a4 ybiH “1ejj0g :a0inog) /)62 # 1| :siojedad}
80 ‘21 el :ajeq| "a°N ¥oews|g :uoneaoT| 100y Janig Anoed]

[ ma]Aq payoaud i Ml Ag eea| joayspealds SN 0vL1D B OHAId V102 PoUlsy ‘Buniasuibug uosig G uny ysaj




APPENDIX D:
HIGH-FIRE NOx AND CO TEST DATA




Bismarck High Fire NOx CO test data

Stack Flow
Heat input

NOx source concentration

NOx concentration, M19 conversion
NOx mass rate

NOx emission factor

CO source concentration

CO concentration, M19 conversion
CO mass rate

NOx emission factor

dscfth
MMBtu/hr

ppmvd
Ibs/dscf
Ibs/hr
Ibs/MMBtu
ppmvd
Ibs/dscf
lbs/hr
Ibs/MNMBtu

Run 4
28102
1.38

119.7
1.424E-05
0.400
0.290
175.8
1.278E-05
0.359
0.260

Run 5
27234
1.50

133.1
1.583E-05
0.431
0.287
100.2
7.283E-06
0.198
0.132

Avg.
27668
1.4

126.4
1.504E-05
0.416
0.289
138.0
1.003E-05
0.279
0.196




Bismarck Run 4

Date/Time coO NOx 02

mm/dd/yy hh:mm:ss ppm ppm %

03/12/08 13:21:17 367.51 96.55 12.54
03/12/08 13:21:27 381.71 98.16 12.44
03/12/08 13:21:37 395.58 97.12 12.10
03/12/08 13:21:47 417.88 97.17 11.73
03/12/08 13:21:57 488.47 99.92 11.33
03/12/08 13:22:07 526.34 102.52 10.64
03/12/08 13:22:17 503.88 108.70 10.49
03/12/08 13:22:27 434.25 111.99 10.60
03/12/08 13:22:37 349.71 112.62 10.78
03/12/08 13:22:47 286.79 111.96 10.87
03/12/08 13:22:57 259.68 109.83 11.13
03/12/08 13:23:07 249,93 109.32 11.35
03/12/08 13:23:17 242 .11 109.33 11.49
03/12/08 13:23:27 253.97 108.15 11.79
03/12/08 13:23:37 284.59 106.43 11.15
03/12/08 13:23.47 325.58 106.71 10.52
03/12/08 13:23.57 333.38 113.21 10.55
03/12/08 13:24.07 300.61 114.67 10.63
03/12/08 13:24:17 250.61 116.74 10.55
03/12/08 13:24:27 217.80 116.16 10.60
03/12/08 13:24:37 202.00 119.09 10.86
03/12/08 13:24:47 198.61 123.59 11.16
03/12/08 13:24.57 198.32 122.08 11.33
03/12/08 13:25:07 198.93 117.96 11.58
03/12/08 13:25:17 203.77 116.77 11.99
03/12/08 13:25:27 210.89 114.69 12.03
03/12/08 13:25:37 215.66 113.23 10.93
03/12/08 13:25:47 208.18 119.42 10.46
03/12/08 13:25:57 217.19 122.98 10.54
03/12/08 13:26:07 234,57 118.26 10.39
03/12/08 13:26:17 257.89 117.10 10.15
03/12/08 13:26:27 272.27 118.84 10.29
03/12/08 13:26:37 251.50 123.32 10.41
03/12/08 13:26:47 229.20 124,66 10.80
03/12/08 13:26.57 228.61 121.18 10.69
03/12/08 13:27:07 251.53 117.38 10.50
03/12/08 13:27:17 262.47 114.98 10.14
03/12/08 13:27:27 261.19 116.44 10.13
03/12/08 13:27:37 228.28 124.04 924
03/12/08 13:27:47 188.45 131.87 8.63
03/12/08 13:27:57 185.21 134.53 8.15
03/12/08 13:28:07 263.91 130.62 8.59
03/12/08 13:28:17 331.64 127.34 9.09
03/12/08 13:28:27 329.25 124.97 9.65
03/12/08 13:28:37 275.31 122.39 9.70
03/12/08 13:28:47 256.01 119.98 8.89
03/12/08 13:28:57 371.36 118.81 8.18
03/12/08 13:29:07 531.16 122.40 8.43
03/12/08 13:29:17 651.23 122.10 8.44
03/12/08 13:29:27 634.98 121.83 8.58
03/12/08 13:29:37 515.56 127.38 8.10
03/12/08 13:29:47 380.90 128.86 9.76

03/12/08 13:29:57 298.83 123.64 10.15



03/12/08 13:30:07
03/12/08 13:30:17
03/12/08 13:30:27
03/12/08 13:30:37
03/12/08 13:30:47
03/12/08 13:30:57
03/12/08 13:31:07
03/12/08 13:31:17
03/12/08 13:31:27
03/12/08 13:31:37
03/12/08 13:31:47
03/12/08 13:31:57
03/12/08 13:32:07
03/12/08 13:32:17
03/12/08 13:32:27
03/12/08 13:32:37
03/12/08 13:32:47
03/12/08 13:32:57
03/12/08 13:33:07
03/12/08 13:33:17
03/12/08 13:33:27
03/12/08 13:33:37
03/12/08 13:33:47
03/12/08 13:33:57
03/12/08 13:34:07
03/12/08 13:34:17
03/12/08 13:34:27
03/12/08 13:34:37
03/12/08 13:34:47
03/12/08 13:34:57
03/12/08 13:35:07
03/12/08 13:35:17
03/12/08 13:35:27
03/12/08 13:35:37
03/12/08 13:35:47
03/12/08 13:35:57
03/12/08 13:36:07
03/12/08 13:36:17
03/12/08 13:36:27
03/12/08 13:36:37
03/12/08 13:36:47
03/12/08 13:36:57
03/12/08 13:37:07
03/12/08 13:37:17
03/12/08 13:37:27
03/12/08 13:37:37
03/12/08 13:37:47
03/12/08 13:37:57
03/12/08 13:38:07
03/12/08 13:38:17
03/12/08 13:38:27
03/12/08 13:38:37
03/12/08 13:38:47
03/12/08 13:38:57
03/12/08 13:39:07
03/12/08 13:39:17
03/12/08 13:39:27
03/12/08 13:39:37

273.23
271.53
270.35
257.62
223.49
183.71
156.78
151.36
167.43
166.17
165.91
168.87
167.75
160.17
153.44
154.38
154.73
150.47
153.51
189.09
217.20
223.14
222.55
229.18
237.48
242.10
227.98
199.88
177.20
177.83
175.42
172.43
168.58
166.82
167.96
165.93
162.16
151.03
144.25
143.68
144.84
149.27
149.63
142.11
128.71
122.40
126.58
135.03
146.61
165.05
171.50
165.33
163.55
131.46
108.52
95.78
96.38
102.63

118.84
116.16
113.18
114.96
119.06
119.38
116.72
114.15
112.64
111.34
112.25
114.91
115.85
118.88
119.39
119.70
116.45
113.22
110.76
106.99
107.21
108.18
109.85
114.05
118.58
122,66
127.91
127.30
128.27
130.96
133.89
136.61
136.37
131.00
130.02
128.59
128.57
128.50
125.81
123.79
123.55
123.55
124.65
125.84
124.93
122.42
120.59
114.98
112.61
115.27
122.39
125.24
130.32
135.46
134.77
129.16
122.35
118.25

10.42
10.63
10.48
10.51
11.00
11.38
11.58
11.66
11.83
11.79
11.73
11.71
11.46
11.38
11.37
11.56
11.88
12.24
12.28
12.36
12.39
12.36
11.96
11.79
11.24
11.09
11.15
11.20
10.62
10.37
10.03
9.94
10.18
10.34
10.53
10.37
10.61
10.78
10.99
10.92
10.93
10.46
10.43
10.79
11.04
11.10
11.37
11.40
10.43
10.05
8.72
8.17
9.06
8.79
10.46
10.89
11.08
11.156



03/12/08 13:39:47
03/12/08 13:39:57
03/12/08 13:40:07
03/12/08 13:40:17
03/12/08 13:40:27
03/12/08 13:40:37
03/12/08 13:40:47
03/12/08 13:40:57
03/12/08 13:41:07
03/12/08 13:41:17
03/12/08 13:41:27
03/12/08 13:41:37
03/12/08 13:41:47
03/12/08 13:41:57
03/12/08 13:42:07
03/12/08 13:42:17
03/12/08 13:42:27
03/12/08 13:42:37
03/12/08 13:42:47
03/12/08 13:42:57
03/12/08 13:43:07
03/12/08 13:43:17
03/12/08 13:43:27
03/12/08 13:43:37
03/12/08 13:43:47
03/12/08 13:43.57
03/12/08 13:44:07
03/12/08 13:44:17
03/12/08 13:44:27
03/12/08 13:44:37
03/12/08 13:44:47
03/12/08 13:44:57
03/12/08 13:45:07
03/12/08 13:456:17
03/12/08 13:45:27
03/12/08 13:45:37
03/12/08 13:45:47
03/12/08 13:45:57
03/12/08 13:46:07
03/12/08 13:46:17
03/12/08 13:46:27
03/12/08 13:46:37
03/12/08 13:46:47
03/12/08 13:46:57
03/12/08 13:47:07
03/12/08 13:47:17
03/12/08 13:47:27
03/12/08 13:47:37
03/12/08 13:47:47
03/12/08 13:47:57
03/12/08 13:48:07
03/12/08 13:48:17
03/12/08 13:48:27
03/12/08 13:48:37
03/12/08 13:48:47
03/12/08 13:48:57
03/12/08 13:49:07
03/12/08 13:49:17

104.68
104.08
103.80
106.39
116.28
119.42
121.60
123.56
125.98
126.60
124.77
130.52
141.23
152.27
163.02
178.40
189.04
192.33
192.63
196.84
208.82
236.32
256.32
245,04
219.90
203.77
201.39
207.34
217.20
223.47
236.61
251.48
271.27
276.84
275.91
285.52
206.86
305.07
315.13
321.14
326.73
343.79
374.83
394.70
390.82
372.53
365.30
362.90
357.75
345.80
319.96
297.18
27713
264.51
268.77
272.58
260.05
243.49

117.39
117.61
116.77
115.84
116.14
115.59
114.69
117.96
117.03
116.15
114.91
113.51
110.76
107.85
104.30
100.54
98.75
98.10
98.15
97.21
956.14
92.45
94.20
99.94
101.76
101.78
103.72
103.43
102.80
101.13
98.45
101.19
100.54
99.31
96.58
93.30
94.21
97.52
95.41
94.26
88.85
84.52
84.81
85.09
82.73
80.13
77.40
76.19
75.88
77.12
79.21
80.13
81.87
82.78
83.85
87.46
89.14
90.98

11.18
11.26
11.12
11.04
11.43
11.55
11.49
11.65
11.76
11.84
11.81
11.96
12.21
12.69
12.96
13.13
13.27
13.40
13.48
13.79
13.69
13.45
13.10
13.08
12.86
12.72
12.84
12.90
13.18
13.38
13.12
13.34
13.41
13.82
13.98
13.69
13.74
13.92
14.32
14.74
14.97
14.89
14.97
15.11
15.33
15.45
16.51
16.54
15.41
156.27
15.19
15.09
15.10
14.98
14.83
14.75
14.67
14.48



03/12/08 13:49:27
03/12/08 13:49:37
03/12/08 13:49:47
03/12/08 13:49:57
03/12/08 13:50:07
03/12/08 13:50:17
03/12/08 13:50:27
03/12/08 13:50:37
03/12/08 13:50:47
03/12/08 13:50:57
03/12/08 13:51:07
03/12/08 13:51:17
03/12/08 13:51:27
03/12/08 13:51:37
03/12/08 13:51:47
03/12/08 13:51:57
03/12/08 13:52:07
03/12/08 13:52:17
03/12/08 13:52:27
03/12/08 13:52:37
03/12/08 13:52:47
03/12/08 13:52:57
03/12/08 13:53:07
03/12/08 13:53:17
03/12/08 13:53:27
03/12/08 13:53:37
03/12/08 13:53:47
03/12/08 13:53:57
03/12/08 13:54:07
03/12/08 13:54:17
03/12/08 13:54:27
03/12/08 13:54:37
03/12/08 13:54:47
03/12/08 13:54:57
03/12/08 13:55:07
03/12/08 13:55:17
03/12/08 13:55:27
03/12/08 13:55:37
03/12/08 13:55:47
03/12/08 13:55:57
03/12/08 13:56:07
03/12/08 13:56:17
03/12/08 13:56:27
03/12/08 13:56:37
03/12/08 13:56:47
03/12/08 13:56:57
03/12/08 13:57:07
03/12/08 13:57:17
03/12/08 13:57:27
03/12/08 13:57:37
03/12/08 13:57:47
03/12/08 13:57:57
03/12/08 13:58:07
03/12/08 13:58:17
03/12/08 13:58:27
03/12/08 13:58:37
03/12/08 13:58:47
03/12/08 13:58:57

240.14
246.03
232.42
208.82
195.33
201.98
215.95
231.27
243.57
246.07
236.57
237.82
236.32
229.73
227.67
218.96
200.77
190.82
194.46
208.21
216.90
219.85
232.12
257.20
295.01
327.29
322.23
291.16
259.04
214.76
181.64
172.97
180.70
182.23
159.49
136.17
124.79
129.29
148.08
172.38
178.63
152.93
115.94
86.81
74.63
69.62
65.39
58.25
48.06
38.33
31.50
31.83
4212
54.34
59.45
57.97
53.84
50.53

93.04
96.32
107.88
111.06
107.25
105.82
105.55
106.70
107.05
105.81
108.16
111.36
117.36
120.88
122.08
120.83
127.35
133.92
130.68
127.34
125.85
125.55
120.33
114.07
107.56
105.52
115.84
120.57
119.64
128.17
126.41
114.62
110.74
113.80
127.33
125.53
119.65
113.18
108.73
107.28
109.81
121.15
129.76
130.05
125.88
130.63
132.13
134.84
138.83
136.35
137.82
132.52
124.06
120.00
119.13
122.36
125,24
128.25

13.80
13.13
13.21
13.40
13.37
13.35
13.28
13.24
13.28
13.16
12.84
12.71
12.69
12.47
12.42
11.99
11.85
12.02
12.27
12.20
12.32
12.72
13.10
13.47
13.20
12.84
12.60
12.59
11.84
12.28
12.76
12.83
12.36
11.94
12.25
12.74
13.13
13.41
13.36
13.03
12.46
12.33
12.62
12.48
12.27
12.21
11.74
10.98
10.82
10.78
11.35
11.56
11.18
11.28
11.51
11.39
11.45
11.65



03/12/08 13:59:07
03/12/08 13:59:17
03/12/08 13:59:27
03/12/08 13:59:37
03/12/08 13:59:47
03/12/08 13:59:57
03/12/08 14:00:07
03/12/08 14:00:17
03/12/08 14:00:27
03/12/08 14.:00:37
03/12/08 14.00:47
03/12/08 14:.00:57
03/12/08 14:01.07
03/12/08 14:01:17
03/12/08 14:01:27
03/12/08 14:01:37
03/12/08 14:01:47
03/12/08 14:01:57
03/12/08 14:02:07
03/12/08 14:02:17
03/12/08 14:02:27
03/12/08 14:02:37
03/12/08 14:02:47
03/12/08 14:02:57
03/12/08 14:03:07
03/12/08 14:03:17
03/12/08 14:03:27
03/12/08 14:03:37
03/12/08 14:03:47
03/12/08 14:03:57
03/12/08 14:04:07
03/12/08 14:04:17
03/12/08 14:04:27
03/12/08 14:04:37
03/12/08 14.04:47
03/12/08 14:04.57
03/12/08 14:05:07
03/12/08 14.05:17
03/12/08 14:05:27
03/12/08 14:05:37
03/12/08 14:06:47
03/12/08 14.05:57
03/12/08 14:06:07
03/12/08 14.06:17
03/12/08 14.06:27
03/12/08 14:06:37
03/12/08 14:06:47
03/12/08 14:06:57
03/12/08 14:07:07
03/12/08 14:07:17
03/12/08 14:07:27
03/12/08 14:07:37
03/12/08 14:07:47
03/12/08 14:07:57
03/12/08 14:08:07
03/12/08 14:08:17
03/12/08 14:08:27
03/12/08 14:08:37

47 .43
42.99
38.32
34.19
30.10
25.69
22.28
20.83
21.48
22.00
23.44
25.32
25.32
25.93
26.56
25.66
23.19
21.11
21.44
21.48
21.71
21.71
22.32
2416
25.04
26.57
26.19
23.78
20.89
19.94
19.10
20.52
22.87
21.11
17.61
15.47
21.14
23.18
20.59
15.50
13.74
13.15
11.93
10.48
10.52
11.08
13.17
15.82
18.81
20.25
21.71
22.61
22.61
21.41
19.94
18.22
16.72
14.60

128.26
134.21
142.68
147.39
148.52
145.93
142.98
136.63
131.25
130.11
130.04
130.04
135.09
136.08
136.91
138.82
139.65
139.07
139.74
140.59
140.30
143.01
144.16
145.55
144.43
141.52
141.85
145.89
148.85
1560.59
158.21
163.47
162.93
164.40
163.50
158.74
153.29
145.89
145.91
146.49
1456.78
148.55
149.42
150.39
147.11
143.87
140.60
136.37
133.93
133.88
134.23
133.40
131.00
130.65
132.18
133.93
136.08
138.80

11.05
9.76
9.05
9.31
9.50
9.18
9.54
9.97
10.48
10.80
10.80
10.90
10.93
10.97
10.99
11.11
11.22
11.15
11.28
11.22
11.22
11.05
11.00
10.98
10.90
10.48
10.52
10.58
10.63
9.97
9.07
B.24
7.96
8.47
8.94
7.49
7.66
8.67
9.54
9.07
9.29
9.69
9.58
0.58
0.68
9.67
9.58
9.58
9.94
10.00
9.97
10.33
10.63
10.55
10.46
10.46
10.34
10.15



03/12/08 14:08:47
03/12/08 14:08:57
03/12/08 14:09:07
03/12/08 14:09:17
03/12/08 14:09:27
03/12/08 14:09:37
03/12/08 14:09:47

Run 4 Average >

12.81
11.07
10.20
10.47
11.08
10.50
0.00
175.80

141.53
145.35
148.25
148.78
153.94
161.15
0.00
119.66

10.07
098
9.88
9.34
8.95
B.49
0.00

11.41



Bismarck Run 5

Date/Time co NOx 02

mm/dd/yy hh:mm:ss ppm ppm %

03/12/08 14:48:47 328.48 66.72 15.64
03/12/08 14:48:57 364.07 63.50 15.89
03/12/08 14:49:07 351.55 68.51 15.48
03/12/08 14:49:17 337.26 72.33 15.50
03/12/08 14:49:27 336.98 69.40 15.49
03/12/08 14:49:37 351.20 65.85 15.48
03/12/08 14:49;:47 357.40 67.61 15.50
03/12/08 14:49:57 335.48 69.17 15.50
03/12/08 14:50:07 308.87 70.88 15.51
03/12/08 14:50:17 299.45 69.09 15.38
03/12/08 14:50:27 309.50 69.39 16.37
03/12/08 14:50:37 314.49 70.87 16.29
03/12/08 14:50:47 307.70 71.42 15.10
03/12/08 14:50:57 287.30 75.58 14.87
03/12/08 14:51:07 261.87 81.30 14.71
03/12/08 14:51:17 237.20 85.97 14.61
03/12/08 14:51:27 219.30 87.76 14.52
03/12/08 14:51:37 215.08 87.81 14.24
03/12/08 14:51:47 213.63 90.62 14.04
03/12/08 14:51:57 206.15 93.90 13.88
03/12/08 14:52:07 187.35 97.18 13.75
03/12/08 14:52:17 164.20 101.42 13.563
03/12/08 14:52:27 144.24 105.21 13.29
03/12/08 14:52:37 128.35 109.53 13.06
03/12/08 14:52:47 118.89 113.17 12.80
03/12/08 14:52:57 116.57 116.40 12.83
03/12/08 14.:53:07 118.56 118.19 12.98
03/12/08 14:53:17 118.26 117.33 13.02
03/12/08 14:53:27 120.23 115.85 13.14
03/12/08 14:53.:37 126.55 112.90 13.28
03/12/08 14:53:47 132.05 109.34 12.94
03/12/08 14:53:57 134.13 109.90 12.91
03/12/08 14:54:07 133.82 111.66 12.72
03/12/08 14:54:17 135.59 110.48 12.85
03/12/08 14:54:27 138.23 109.05 12.84
03/12/08 14:54:37 137.35 107.27 12.79
03/12/08 14:54:47 126.59 108.73 12.78
03/12/08 14:54.57 109.38 111.35 12.66
03/12/08 14:55:07 89.46 113.81 12.50
03/12/08 14:55:17 72.56 117.98 12.21
03/12/08 14:55:27 62.16 121.77 11.72
03/12/08 14:55:37 56.17 126.82 11.48
03/12/08 14:55:47 55.33 131.23 11.53
03/12/08 14:55:57 61.25 132.44 11.62
03/12/08 14:56:07 68.14 133.35 11.78
03/12/08 14:56:17 71.57 131.60 11.71
03/12/08 14:56:27 67.49 132.18 11.37
03/12/08 14:56:37 57.38 137.86 11.05
03/12/08 14.56:47 46.84 143.57 11.05
03/12/08 14:56:57 39.82 144.77 11.29
03/12/08 14;57:07 38.04 139.93 11.35
03/12/08 14:57:17 40.95 135.75 11.33

03/12/08 14:57:27 46.02 134.53 11.10



03/12/08 14:57:37
03/12/08 14:57:47
03/12/08 14:57:57
03/12/08 14:58:07
03/12/08 14:58:17
03/12/08 14:58:27
03/12/08 14:58:37
03/12/08 14:58:47
03/12/08 14:58:57
03/12/08 14:59:07
03/12/08 14:59:17
03/12/08 14:59:27
03/12/08 14:59:37
03/12/08 14:69:47
03/12/08 14:59.57
03/12/08 15:00:07
03/12/08 15:00:17
03/12/08 15:00:27
03/12/08 15:00:37
03/12/08 15:00:47
03/12/08 15:00:57
03/12/08 15:01:07
03/12/08 15:01:17
03/12/08 15:01:27
03/12/08 15:01:37
03/12/08 15:01:47
03/12/08 15:01:57
03/12/08 15:02:07
03/12/08 15:02:17
03/12/08 15:02:27
03/12/08 15:02:37
03/12/08 15:02:47
03/12/08 15:02:57
03/12/08 15:03:07
03/12/08 15:03:17
03/12/08 15:03:27
03/12/08 15:03:37
03/12/08 15:03:47
03/12/08 15:03:57
03/12/08 15:04.07
03/12/08 15:04:17
03/12/08 15:04:27
03/12/08 15:04:37
03/12/08 15:04:47
03/12/08 15:04:57
03/12/08 15:05:07
03/12/08 15:05:17
03/12/08 16:05:27
03/12/08 16:05:37
03/12/08 15:05:47
03/12/08 15:05.57
03/12/08 15:08:07
03/12/08 15:08:17
03/12/08 15:06:27
03/12/08 15:06:37
03/12/08 15:06:47
03/12/08 15:06:57
03/12/08 15:07:07

49.54
51.39
51.69
53.21
52.93
52.31
51.09
49.565
48.05
45.02
41.50
40.11
40.95
41.85
40.07
37.45
37.77
40.06
4214
47.20
50.23
49.88
44.73
38.53
34.79
33.80
35.66
39.22
46.54
54.69
60.63
64.17
61.83
56.17
50.81
48.94
50.16
51.69
54.12
56.82
60.41
65.14
64.82
62.47
59.77
58.28
60.32
62.45
60.33
55.58
50.54
47.51
46.57
45.03
43.00
40.91
40.33
45.08

136.36
139.98
142.97
139.07
136.11
134.51
138.18
139.66
137.92
138.21
145.07
146.80
145.92
144.80
143.89
146.18
155.48
159.98
159.67
157.88
157.30
157.59
155.11
150.37
145.63
143.87
144.14
143.30
138.79
133.93
133.36
136.09
135.78
1.13
1.08
1.11
127.34
127.28
125.22
123.27
123.00
122.39
121.49
120.53
120.26
119.71
119.71
119.37
122.40
1.08
1.1
120.87
120.25
123.32
129.77
131.62
129.16
127.94

10.64
10.62
10.82
11.00
11.04
10.94
11.07
11.16
10.85
10.46
10.38
10.45
10.56
10.59
10.12
9.37
9.13
9.35
9.43
9.39
9.59
9.98
10.30
10.48
10.44
10.46
10.61
10.90
11.16
11.18
11.08
11.13
11.34
11.45
11.58
11.75
11.92
11.98
12.00
12.20
12.25
12.39
12.46
12.44
12.44
12.48
12.21
12.20
12.33
12.42
12.83
12.45
12.12
11.94
11.92
12.03
12.00
10.94



03/12/08 15:07:17
03/12/08 15:07:27
03/12/08 15:07:37
03/12/08 15:07:47
03/12/08 15:07:57
03/12/08 15:08:07
03/12/08 15:08:17
03/12/08 15:08:27
03/12/08 15:08:37
03/12/08 15:08:47
03/12/08 15:08:57
03/12/08 15:09:07
03/12/08 15:09:17
03/12/08 15:09:27
03/12/08 15:09:37
03/12/08 15:09:47
03/12/08 15:09:57
03/12/08 15:10:07
03/12/08 15:10:17
03/12/08 15:10:27
03/12/08 15:10:37
03/12/08 15:10:47
03/12/08 15:10:57
03/12/08 15:11:07
03/12/08 15:11:17
03/12/08 15:11:27
03/12/08 15:11:37
03/12/08 15:11:47
03/12/08 15:11:57
03/12/08 15:12:07
03/12/08 15:12:17
03/12/08 15:12:27
03/12/08 15:12:37
03/12/08 15:12:47
03/12/08 15:12:57
03/12/08 15;13:07
03/12/08 15:13:17
03/12/08 15:13:27
03/12/08 15:13:37
03/12/08 15:13:47
03/12/08 15:13:57
03/12/08 15:14:07
03/12/08 15:14:17
03/12/08 15:14:27
03/12/08 15:14:37
03/12/08 15:14:47
03/12/08 15:14.57
03/12/08 15:15:07
03/12/08 15:15:17
03/12/08 15:15:27
03/12/08 15:15:37
03/12/08 15:15:47
03/12/08 15:15:57
03/12/08 15:16:07
03/12/08 15:16:17
03/12/08 15:16:27
03/12/08 15:16:37
03/12/08 15:16:47

51.08
51.69
48.27
40.96
39.18
39.50
40.70
43.28
45.07
43.27
43.89
43.53
42.99
41.85
41.79
40.61
36.86
32.45
31.02
30.15
2775
25.35
22.56
18.46
14.32
11.67
12.85
22.04
29.84
29.57
43.03
118.58
199.23
209.18
164.46
102.94
58.93
40.62
33.05
28.70
25.06
24.47
25.65
27.18
27.48
26.61
24.45
21.99
19.98
18.20
16.72
16.39
17.07
16.40
15.18
14.29
13.46
13.13

130.96
139.40
140.64
136.68
132.21
128.92
132.15
135.42
143.00
145.94
144.17
143.59
139.38
139.09
140.93
141.21
144.78
163.37
156.94
162.64
164.68
163.53
168.30
171.61
170.97
170.66
169.75
169.14
163.25
168.75
159.38
148.85
137.28
134.54
134.54
135.11
133.61
131.91
127.97
127.37
126.74
124.96
122.71
121.21
121.51
123.60
126.17
127.97
131.31
133.04
136.36
140.31
1456.63
147.95
148.79
150.66
151.84
150.38

9.97
10.33
10.90
11.36
11.62
11.36
11.15
10.81
10.97
10.95
11.11
11.28
10.95
10.69
10.79
10.06
9.83
9.66
9.50
9.59
9.56
9.09
9.03
8.97
8.59
7.86
6.66
6.06
6.65
6.53
5.01
4.72
5.61
6.38
7.13
7.94
8.02
8.58
9.32
9.83
10.16
10.75
11.11
11.32
11.40
11.46
11.42
11.35
11.16
10.99
10.62
10.32
10.27
10.12
10.07
10.07
10.25
10.29



03/12/08 15:16:57
03/12/08 15:17:07
03/12/08 15:17:17
03/12/08 16:17:27
03/12/08 15:17:37
03/12/08 15:17:47
03/12/08 16:17:67
03/12/08 15:18:07
03/12/08 15:18:17
03/12/08 15:18:27
03/12/08 15:18:37
03/12/08 15:18:47
03/12/08 15:18:57
03/12/08 15:19:07
03/12/08 15:19:17
03/12/08 15:19:27
03/12/08 15:19:37
03/12/08 15:19:47
03/12/08 15:19:57
03/12/08 15:20:07
03/12/08 15:20:17
03/12/08 15:20:27
03/12/08 15:20:37
03/12/08 15:20:47
03/12/08 15:20:57
03/12/08 16:21:07
03/12/08 15:21:17
03/12/08 15:21:27
03/12/08 15:21:37
03/12/08 15:21:47
03/12/08 15:21:57
03/12/08 15:22:07
03/12/08 15:22:17
03/12/08 15:22:27
03/12/08 15:22:37
03/12/08 15:22:47
03/12/08 15:22:57
03/12/08 15:23:07
03/12/08 15:23:17
03/12/08 15:23:27
03/12/08 15:23:37
03/12/08 15:23:47
03/12/08 15:23:57
03/12/08 15:24:07
03/12/08 15:24:17
03/12/08 15:24:27
03/12/08 15:24:37
03/12/08 15:24:47
03/12/08 15:24:57
03/12/08 15:25:07
03/12/08 15:25:17
03/12/08 15:25:27
03/12/08 15:25:37
03/12/08 15:25:47
03/12/08 15:25:57
03/12/08 16:26:07
03/12/08 15:26:17
03/12/08 15:26:27

13.43
14.03
15.81
17.30
19.06
21.186
23.52
27.19
27.80
25.00
20.87
17.28
14.86
14.57
21.41
38.26
48.10
56.47
59.21
61.52
73.15
108.22
128.40
143.95
134.42
106.13
75.49
54.91
44 .45
45,70
64.20
77.92
88.30
100.83
99.34
83.83
78.26
84.13
100.52
111.53
105.54
91.82
83.04
96.37
108.29
103.53
98.60
109.78
120.68
134.07
143.70
152.62
148.72
152.61
157.44
164.19
178.87
216.95

148.89
149.72
162.79
154.85
156.35
158.46
160.54
162.96
166.51
166.84
169.12
170.63
170.61
169.78
169.17
170.09
166.51
167.76
169.45
168.93
169.45
171.20
171.92
171.62
169.70
168.66
167.11
168.92
169.38
166.80
162.04
156.67
164.22
154.22
154.87
154.53
152.46
152.18
151.00
149.42
152.14
153.62
153.99
152.71
151.53
147.61
145.08
147.43
148.57
145.38
142.77
140.98
134.87
132.50
135.14
138.21
138.49
140.28

10.05
9.98
9.89
9.74
9.65
9.44
9.1
8.94
8.76
8.53
8.45
8.30
8.26
8.08
7.94
7.78
7.37
7.31
7.20
6.93
6.37
6.42
6.46
6.56
6.90
7.02
6.86
6.93
7.02
6.93
7.20
7.44
7.49
7.56
7.96
7.56
7.39
7.31
7.41
7.55
777
7.84
7.79
8.20
8.60
8.48
7.92
7.91
8.13
8.26
8.32
8.55
8.21
8.06
7.81
7.46
6.88
6.72



03/12/08 15:26:37
03/12/08 15:26:47
03/12/08 15:26:57
03/12/08 15:27:07
03/12/08 15:27:17
03/12/08 15:27:27
03/12/08 15:27:37
03/12/08 16:27:47
03/12/08 15:27:57
03/12/08 15:28.07
03/12/08 15:28:17
03/12/08 15:28:27
03/12/08 15:28:37

Run 5 Average >

246.02
379.42
521.19
539.84
450.36
349.74
317.83
315.44
318.69
314.54
288.77
322.55
481.23
100.21

144.19
143.02
139.97
141.50
143.30
142.41
138.50
135.16
135.41
136.71
140.63
141.54
135.76
133.06

6.46
6.07
6.15
6.52
6.80
6.99
7.15
7.29
7.17
7.37
6.84
6.52
6.71
10.25



APPENDIX E:
FUEL ANALYSIS




_ Hazen Research, Inc. Date April 4 2008

4601 Indiana Street

FIAZEN  Gowen co 80403 USA HRI Project — 002-WS5
_ Tal: (303} 279-4501 HRI Series No. C190/08-2
Fax: {303) 278-1528 Date Rec'd. 03/21/08
Cust. P.0.#
Bison Engineering, Inc. Sample Identification
Jim Wollenberg Bismark #1 3/12/08

1400 11th Avenue
Helena, MT 59601

Reporting
Basis > As Rec'd Dry Air Dry
Proximate (%)
Moisture 4.99 0.00 1.59
Ash 30.11 31.69 31.19
Volatile 94.30 99.26 97.68
Fixed C <0.01 <0.01 <0.01
Sulfur 0.05 0.05 0.05
Btu/1b (HHY) 10997 11575 11391
MMF Btu/1b 16299 17602
MAF Btu/1b 16946
Air Dry Loss (%) 3.46

Ultimate (%)

Moisture 4.99 0.00 1.59

Carbon 50.52 53.18 52.33

Hydrogen 7:83 7.93 7.80

Nitrogen 0.04 0.04 0.04

Sulfur 0.05 0.05 0.05

Ash 30.11 31.69 31.19

Oxygen* 6.76 7.1 7.00

Total 100.00 100.00 100.00

Chlorine**
Lb. Alkali/MM Btu=

Forms of Sulfur (as S,%) Lb. Ash/MM Btu= 27.38

Lb. S02/MM Btu= 0.09

Sulfate HGI= - @ % Moisture

Pyritic As Rec'd. Sp.Gr.=

Organic Free Swelling Index=

F-Factor(dry),DSCF/MM BTU= 9,242
Total 0.05 0.05 .

Report Prepared By:
Water Soluble Alkalies (%) j}

Nicele Yhasla— fars

Naz0 Gerard H. Cunningham
K20 Fuels Laboratory Supervisor

* Oxygen by Difference.
** Not usually reported as part of the ultimate analysis.

An Employee-Owned Company



APPENDIX F:
NOMENCLATURE AND FORMULAE




Nomenclature

Btu

Wi

w5

C,
C

cond

C

cOrs

C

P

Cp(std)

CI’M 10

c

5

csl2

Css0

(8]

sampling nozzle cross-sectional area , ft*

stack cross-sectional area, ft*
Note: Method 2 refers to this as A

mean particle projected area

unit heat value (British thermal unit)
percent moisture in gas at meter
percent moisture in stack gas

viscosity constant, 51.12 micropoise for K
(51.05 micropoise for °R)

viscosity constant, 0.372 micropoise/K (0.207
micropoise/°R)

viscosity constant, 1.05 x 10 micropoise/K*
(3.24 x 10° micropoise/°R?)

viscosity constant, 53.147 micropoise/ fraction
0,

viscosity constant, 74.143 micropoise/ fraction
H,0

concentration of acetone blank residue, mg/g
concentration of condensibles, grain/dscf

concentration of coarse particulate, gr/dscf

pitot tube calibration coefficient, 0.84 for type S

pitot tube
standard pitot-static tube calibration coefficient
concentration of PM,, particulate, gr/dscf

particulate concentration in stack gas,
mass/volume

particulate concentration corrected to 12 percent

Co,

particulate concentration corrected to 50 percent

excess air

particulate concentration on a wet basis,
mass/wet volume

CX (corr)

ER

cond

ER

COTs

ERmmBm

ERPM 10

ERy

AH

AH,

actual gas concentration corrected to required
percent O,

diameter of particles having a 50 percent
probability of penetration, pm

equivalent diameter
hydraulic diameter

pressure drop across orifice meter for 0.75
CFM at standard conditions

pressure drop across orifice meter

source sampling nozzle diameter

50% effective cutoff diameter of particle, p
diameter of the stack, feet

emission rate or mass/unit heat (Btu input)
base of natural logarithms (In10 = 2.302585)
percent excess air

emission rate per hour, 1b/hr

emission rate of condensibles, 1b/hr
emission rate of coarse particulate, 1b/hr
emission rate per mmBtu or ton of fuel, etc.
emission rate of PM,, particulate, Ib/hr
emission rate of compound which replaces x

F factor for CO,, used with percent CO,, wet
or dry basis

F factor for dry effluent, used with percent O,,
dry basis

stack gas fraction O,, by volume, dry basis
fuel factor

F factor for wet effluent, used with percent O,,
wet basis

average pressure differential across orifice
meter at cantrol box

orifice pressure, inches H,O



AH,

%1

mBtu

cond

COTS

M,

Mﬁnc
mmBtu
m

mu, mml0

orifice pressure head, inches H,O, needed for
cyclone flow rate

percent sampling rate variation, where 100% =
ideal isokinetic conditions

equal area centroid
0.001333 m*ml for metric units
01.1  f*/ml for English units
Equation 4-1
0.001335 m*g for metric units

1. ft¥/g for English units
Equation 4-2
0.3858 oK/mm Hg for metric units

1. °R/in. Hg for English units
Equation 4-3
pitot tube equation dimensional constant, 85.49
length of duct cross-section at sampling site
plume exit diameter
stack diameter
mass
acetone residue weight after evaporation, mg
thousand Btu
mass of condensibles
mass of coarse particulate
dry stack gas molecular weight
filter weight gain, mg
mass of PM,, particulate
million Btu
total weight of collected particulate, mg
total weight of collected PM,, particulate, mg

wet stack gas molecular weight

molecular weight of water, 18.0 g/g-mole (18.0
Ib/lb-mole)

molecular weight of gas species, g/gmol

0,

AP

Ap

VAP

VAP,

VAP,

VAP

number of particles
Reynolds Number

total sampling time, min.
plume opacity at exit
in-stack plume opacity

stack differential pressure recorded by the
probe’s type S pitot tube

velocity head of stack gas, mm H,O (in. H,0)
- Equation 2-8

average of the square roots of AP (may also be
referred to as ASAP)

square root of AP at point 1 of the current test

square root of AP at point 1 of the previous
traverse

average of the square roots of AP from the
previous traverse (may also be referred to as
ASAP”)

percent CO, by volume, dry basis

percent O, by volume, dry basis

percent CO by volume, dry basis

percent N, by volume, dry basis
atmospheric pressure

barometric pressure (P, =P,,.)

barometric pressure at measurement site, mm
Hg (in. Hg)

stack static pressure, mm Hg (in. Hg)
pitch angle at traverse point i, degree
absolute pressure at the meter
pollutant mass rate

absolute barometric pressure at the sample
location, inches Hg

absolute pressure in the stack



P sud

pts

Pw

R.

Rmux
R

min

T

m

TS(uvg)
Ty
T[

H,

Vi

standard absolute pressure, 760 mm Hg (29.92
in. Hg)

number of traverse points during the test,
minimum of 6, maximum of 12

density of water, 0.9982 g/ml (0.002201 Ib/ml)
time in minutes
stack gas volumetric flow rate, acfm

average stack gas wet volumetric flow rate, cfm
(ft¥/min)

actual gas flow rate through the cyclone, acfm

predicted actual gas flow rate through the
cyclone, acfm

total cyclone flow rate at standard conditions,
dscm/min (dscf/ min)

dry volumetric stack gas flow rate corrected to
standard conditions

wet stack gas standard volumetric flow, ft*/min,
wscfm

path length

ideal gas constant, 0.06236 (mm Hg) (m®)/(g-
mole) (K) for metric units and 21.85 (in. Hg)
(ft*)/(1b-mole) (°R) for English units
resultant angle at traverse point i, degree
multiplier for V,

multiplier for V,

absolute temperature at meter, K (°R)

stack temperature, °C (°F)

absolute stack temperature, K (°R)

average stack gas temperature, absolute, °R
standard absolute temperature, 293 K (528°R)
duration of test

stack gas absolute viscosity, | poise

final volume of condenser water, ml

m

AV

m

v

max
V

min

Vm(sld)

Vv

we(std)

A%

wsg(std)

Volume
H,0

w

initial volume, if any, of condenser water, ml

dry gas volume measured by dry gas meter,
dem (dcf)

incremental dry gas volume measured by dry
gas meter at each traverse point, dem (dcf)

maximum allowed nozzle velocity , fps
minimum allowed nozzle velocity, fps

dry gas volume measured by the dry gas
meter, corrected to standard conditions, dscm
(dscf)

target nozzle velocity, fps

average stack gas velocity, m/sec (ft/sec)
volume of water vapor

volume of water vapor in the gas sample,
corrected to standard conditions, scf (standard

cubic feet)

volume of water vapor condensed corrected to
standard conditions, scm (scf)

volume of water vapor collected in silica gel
corrected to standard conditions, scm (scf)

metric units = 0.00134 m*ml x ml
H,0
English units = 0.04707 ft/mlxmlH,0

width of the duct cross-section at the sampling
site

final weight of silica gel or silica gel plus
impinger, g

initial weight of silica gel or silica gel plus
impinger, g

weight of collected water, g

fraction of dry gas

dry gas meter calibration factor

yaw angle at traverse point i, degree

0.280 molecular weight of N, or CO divided
by 100

molecular weight of O, divided by 100



0.440 molecular weight of CO, divided by 100

18.0 molecular weight of water, g/g-mole
(Ib/Ib-mole)

3,600 conversion factor, sec/hr
Subscripts:

atm atmospheric

ave average

b barometric

d dry gas basis

f final

g gauge

i initial

m at meter

n at nozzle

P of pitot tube

5 at stack

SCF standard cubic feet
std standard conditions
w wet basis



1.

3.

4.

FORMULAE

Dry Gas Volume - Corrected to STP (40 CFR 60, App. A, Eq. 5-1)

Y is obtained from post-test meter calibrations.

Water Vapor Volume - Corrected to STP (40 CFR 60, App. A, Eg. 5-2)

R Tsfd }
& std

p
Vw(std) Ve [ Ew

w

Note: W, = V. P,

Stack Gas Moisture Content (40 CFR 60 App. A, Eq. 5-3, modified)

- Vw (std)

B
ws
Vst ™ Vit

Stack Gas Dry and Wet Molecular Weight {40 CFR 60 App. A, Eq. 3-
1, 2-5)

M, = 0.440(%CO0,) +0.320(%0,) +0.280(%N, + %CO)

M, = M,(1-B,)+180B,,



5.

Average Stack Gas Velocity (40 CFR 60 App. A, Eqg. 2-9)

>.VBp| 17
1 s(avg)
v.=KC
PP\ PM,

Average Stack Gas Wet Volumetric Flow Rate

0,=60v 4,

Average Stack Gas Dry Flow Rate Corrected to Standard Conditions
{40 CFR 60 App. A, Ea. 2-10, modified)

Tstd P
Qsm' = Qs (1 HBws) T P :
s(avg) std

TSP Particulate Concentration Corrected to Standard Conditions (40
CFER 60 App. A, Eg. 5-6, modified)

m
c, =2.205x10° —*
Vm(srd)

m
c, =1543x10°—"
gr Vm(srd)

Note: C,), = Ib/dscf
C.q = grains/dscf
m = mg

n



10.

11.

where:

12.

13.

BHP=[43.6 x MMCFD x

14.

15.

TSP Emission Rate per Hour

Ehr = Cs Qstd 60

Percent Isokinetic Sampling Variation {40 CFR 60 App. A, Eq. 5-8)

% = TS(JVg)Vm(S;d)P”d 100

T v.©4P 60(1-B )

Percent moisture at 100 percent saturation (%SVP) equation:

3144

66011 ~ 2221
[ (T,s~ 390.86)

%SVP=[1—£2

Ry

x 10

P, = stack pressure (absolute), inches of mercury
T,. = saturated stack temperature, degrees F

Emission Rate Compressor Engines (g/BHP-Hr)

. ©PPM Oy
BHP

Brake Horsepower for Compressor Engines

is

&-1)
x (( K1)) x (RQ ¥ —l)x LE x FE|+Fan HP

std2

Pounds Per Hour Emission Rate

Ib

Iblhr = E * BHP ¥ ——
453.59 g

Analyzer Calibration error, in general, % diff. < 2%

% Diff, = (Cal. gas ppm - Analyzer response ppm) <100
Analyzer span ppm




16. Sysiem bias, in general <5% for both zero and upscale gases

system cal. response ppm - Analyzer response ppm) +100
span gas ppm

system Bias = (

17. Calibration drift <3% for both zero and upscale gases during each run

Cal. Drift = (ﬁnal sys Cal. resp. ppm - initial sys cal. resp. ppm) 100
span gas ppm

18

(.Sj).s'tem Cal. Response ppm - Analyzer Cal. Response ppm) <100
span gas ppm

System Calibration Bias =

19.

Drift = (Final System Cal. Response ppm - Initial System Cal. Response ppm} %100
Span gas ppm

20. Analyzer calibration error, in general, %diff. < 2%

Cylinder ppm - analyzer response ppm
span gas ppm

% Diff. = | ) x100

21. Parts per million by volume (ppmv) to pounds per hour (Ibs/hr)

Ibs/hr

1.558x107 x molecular weight x flow, dscfm x ppmv
Ibs/hr = (ppmv) {1.5658 e”) (MW) (dscfm)

ppm = parts per million

dscfm = dry standard cubic feet per minute

MW = molecular weight

22. Corrected concentrations to 12% CQO,

Cs;, = Cs _12
%CO,



23. Correcting concentrations to 6% 0O,

CS%O’d = CS [ 20.9 = 6 %07]
[ 20.9 - %0, |

24. Concentration moisture corrections

Cd = (Cw) /(1 - Bws)
Cd = concentration dry
Cw = concentration wet

Bws = moisture content

25. Fuel Burning Rule

Fuel Input: Measure fuel introduced to the boiler bank. For example,

E= 0.882*H0%4

E= 0.882 (12,500 lby,,/hr x 4800 Btu/lb;,, )/1x10°) ©-154
E= 0.882 (60 MMBtu/hr) 6%

E= 0.4463 Ib/MMBtu

Where E is the maximum allowable particulate emissions rate in |bs per
MMBtu.

Steam Production: Measure steam produced by the boiler bank. For
example,

E= (Q.882#H0 1664

E= 0.882 [(30,000 lb,,,,/hr x1,200 Btu/lb,,.,)/{60%;e
sfficisncy)/ 1 13¢10%)] 91664

E= 0.882 (60 MMBtU/hr) -0.1664

E= 0.4463 Ib/MMBtu

Where E is the maximum allowable particulate emissions rate in Ibs per
MMBtu.



